California State University, San Bernardino

CSUSB ScholarWorks
Theses Digitization Project

John M. Pfau Library

2009

Nutrient analysis of the estuarine and river waters of the Santa
Margarita River estuary
Barbara Elisabeth Long

Follow this and additional works at: https://scholarworks.lib.csusb.edu/etd-project
Part of the Hydrology Commons, and the Water Resource Management Commons

Recommended Citation
Long, Barbara Elisabeth, "Nutrient analysis of the estuarine and river waters of the Santa Margarita River
estuary" (2009). Theses Digitization Project. 3718.
https://scholarworks.lib.csusb.edu/etd-project/3718

This Project is brought to you for free and open access by the John M. Pfau Library at CSUSB ScholarWorks. It has
been accepted for inclusion in Theses Digitization Project by an authorized administrator of CSUSB ScholarWorks.
For more information, please contact scholarworks@csusb.edu.

NUTRIENT ANALYSIS OF THE ESTUARINE AND RIVER WATERS
OF THE SANTA MARGARITA RIVER ESTUARY

A Project
Presented to the
Faculty of

California State University,

San Bernardino

In Partial Fulfillment

of the Requirements for the Degree
Master of Science

in

Environmental Sciences

by
Barbara Elisabeth Long
December 2009

NUTRIENT ANALYSIS OF THE ESTUARINE AND RIVER WATERS
OF THE SANTA MARGARITA RIVER ESTUARY

A Project

Presented to the
Faculty of

California State University,

San Bernardino

by
Barbara Elisabeth Long
December 2009

Approved by:

___________
Dr. Brett? Stanley, Ch^lr, Chemistry and
Biochemistry /'"/'Jy,

7273/^
Date

.____
Dr ./Tames Noblet, Chemistry and Biochemistry

n/uy/Oq
-----------------------

Dr. Julie Cidell, Geography, University of
Illinois

______
Dr. Diane Marsh, Chemistry, Riverside
Community College

11 [tf/Ol

Copyright 2009 Barbara Elisabeth Long

ABSTRACT
The purpose of this research project was to analyze

nutrient concentrations in the estuarine and river waters
of the Santa Margarita River Estuary. Adjacent to the
northern edge of the channels are leased agricultural

fields. The analysis was used to evaluate the water quality

in the channels and the estuary to determine whether or not
the agricultural fields are impacting the waters of the

Santa Margarita River Estuary.

Water samples were collected in situ in the channels
of the Santa Margarita River Estuary in northern San Diego
County, in California for the nutrient species ammonia,

nitrite, nitrate, total nitrogen, phosphate and total
phosphorous. Additional parameters included, pH, salinity,
dissolved oxygen, temperature, GPS locations as well as

visual observations and photographs of the sampling sites
and the estuary. Sampling occurred between September 2008
and March 2009.
The results indicated that the winter sampling event

of 2009 produced elevated nutrients, DO and salinity levels

at sites at 3, 4, 5, and 6 compared to the previous summer

sampling event of 2008. This is possibly due to the influx
of fresh ground water seepages, tides, decreased hydrologic
iii

flows, bird guano during breeding seasons, decomposition of

plant materials, and/or the irrigation of agricultural

drainages from the nearby adjacent fields.
Further research in these areas with a concise long

term study to discern the ecological significance and the
impact of nutrients on water quality within the Santa
Margarita River Estuary's Watershed is needed.
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CHAPTER ONE
INTRODUCTION

Santa Margarita River Estuary
The purpose of this research project is to determine
the nutrient parameters as a measure of water quality

within the channels of the Santa Margarita River Estuary

(SMRE) on United States Marine Corps Base, Camp Pendleton
in northern San Diego County, north of Oceanside,
California (1). Dredging activities from an enhancement

project initiated by the military -base in 1971 created the
channels on the northern edge of the SMRE. This project was
aimed at converting the current marshland of the SMRE into

a salt marsh. The enhancement project also included the

creation of an island-breeding habitat for the threatened
and endangered least terns (1) .

Water quality is important in sustaining the
environment for humans, wildlife, threatened or endangered

species and their habitats. Factors that make the estuarine
environment alluring for humans include esthetic and

recreational activities. Therefore, large numbers of
populations tend to gravitate towards estuaries,

potentially conflicting with numerous species of wildlife

1

for which an estuary provides a perfect habitat. Examples

are the western snowy plover, least tern, elegant tern, the

Belding's Savannah sparrow, willow Flycatcher, California
brown pelican, osprey, peregrine falcon, and the long eared

owl, which are some of the inhabitants of the SMRE (1).
For example, historically numerous estuaries on the

west coast have played essential roles in the lives of its

nearby residents and their economy. Estuaries in the west
have provided an opportunity for shipping and commerce

industries to thrive, along with the abundance of land for
use in agriculture, water recreation, urban growth and the

harvesting of new resources (2).
Purpose
The SMRE Research Project will provide data on

nutrient concentrations in the estuary's channels. The
levels of concentration for nutrients in the channels of
the SMRE would be expected to be elevated as a result of
their close proximity to the surrounding agricultural (AG)

fields. It was decided that measurements of ammonia,
nitrite, nitrate, total nitrogen, phosphate, and total

phosphorous chemical species would be representative
indicators for nutrient levels. Presently, in southern
California elevated levels of nutrients from numerous

2

sources have affected multiple water bodies. Anthropogenic

activities have contributed to the excessive levels of
nutrients in coastal waters. Nutrient levels listed on the
303d section of the Clean Water Act have shown that the

sources of these elevated levels are from agriculture,
urban runoff, septic systems, wastewater discharges and

numerous golf courses surrounding the waterways (3).
However, currently the SMRE is on the 303d list. The Clean
Water Act for the State of California lists the SMRE's

upper river as impaired for phosphorous and the lower
lagoon of the SMRE as eutrophic (4).

Estuarine and coastal marine ecosystems are often
subjected to waste disposals created from anthropogenic

activities such as industrial and municipal wastes (both

commercial and residential) , sewage sludge from treatment
plants and dredged material from remediation and/or
reclamation projects. Although riverine environments are

contributors for nutrient loading in our estuarine

ecosystems, it is metropolitan areas such as San Francisco,
Los Angeles and San Diego, which are major contributors for

larger quantities of nitrogen loading in our coastal

waterways. Discharges from sewage treatment plants have
shown elevated quantities for nutrients. Pollutants, which

3

contain elevated levels of enriched organic nutrients found
in sewage wastes, may be the cause of eutrophication in
estuaries globally; however other forms of nutrients such

as (organic and inorganic) may contribute and/or alter the

results for nutrient load anyalsis, therefore other sources

could be responsible (5).
Jaworski describes three types of eutrophication that
can affect the condition of an estuary: "a) Hypereutrophic

systems having very excessive nuisance conditions, anoxia,
and "undesirable" biological communities, b) eutrophic

systems having excessive nuisance conditions, low dissolved
oxygen concentrations, and " undesirable " biological

communities and c) noneutrophic systems having biologically
healthy and productive components with " desirable "
biological communities " (5). The effects of eutrophication
are shown in the diagram below in Figure 1. The diagram

below illustrates the process of eutrophication for

extensive, minimal hypoxia and anoxia. The diagram further
explains how large and smaller amounts of low dissolved

oxygen affects the nitrogen and phosphorous loading within

an estuary with respect to phytoplankton, decomposition,
and temperature of the water and wind events (6).

4
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Figure 1. The Process Of Eutrophication In An Estuary.1

Plant and animal development depends on the necessary
building blocks from the nutrients nitrogen [N] and

phosphorous [P]. "Nitrogen and phosphorous cycling occurs

from a process of chemical and biological transference via
the lithosphere, atmosphere, hydrosphere, and the

biosphere" (7). "Nitrogen-fixing bacteria convert

dinitrogen gas into organic nitrogen species that can enter
the hydrological cycle and food webs"(7). Figure
1 Source: Reprinted from Buzzard Bay Estuary, the process of

eutrophication in an estuary, http://www.buzzardsbay.org/ nitrogen
pollution .htm (accessed May 5, 2009).

5

illustrates the process of marine microbial cycling of
nitrogen within an estuary.

However, rocks that have undergone the biological and

chemical process of weathering contribute to the elevated
concentrations of the element phosphorous in our riverine

waterways. The level of N and P nutrients in our

2

Source: Reprinted from Stanford School of Earth Sciences, Nitrogen
cycling in an estuary, http://www.pangea.stanford.edu (accessed October
25,2009).

6

estuarine and coastal waterways conveyed from catchments,

oceanic and atmospheric sources, are known as nutrient
loading (7). An example of nitrogen pollution process is
illustrated in Figure 3 for the Chesapeake Bay.

Nitrogen

Z//Algal blooms, rapid growth

Increased Phytoplankton

from
land
uses

i

Increased
Benthic
Algae

Groundwater

*- -

• f'

• /.7. /./:
Shading .*
Eelgrass I
Dio-Off

•

•

: *.
*.: .*.

Fish and Shellfish
Anaerobic,
Conditions

DECAY

LOSS OF HABITAT^
Lost feeding, nursery,
encl spawning gjourids.

Generalized response of shallow coastal embayments to excessive
nitrogen loading.
Source: Modified from U.S. Fish and Wildlife circular, Restore Chesapeake Bay (2/90).

Figure 3. Nitrogen Pollution In Buzzards Bay.3

The formula for a nutrient load is: Nutrient load = total

nutrient/area of water/time interval in units of N or P

metre-2 year”1. Typically mass or moles are used when

Source: Reprinted from the Buzzard Bay National Estuary Program,
Nitrogen Pollution In Buzzards Bay. http://www.buzzardsbay.org/
nitrogen-pollution.htm (accessed June 9, 2009).
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measuring nutrient concentrations for the quantity of
nutrients in water volumes or sediments. The limitations of

nutrients are delineated by a nutrient system, inputs,
outputs and its storage in a particular area. Hence,

anthropogenic activities promote increased nutrient
loadings within our coastal waters. Freshwater and seawater

are diluted as a result of its biological uptake and the
rates at which it flushes, this determines nutrient

concentration and the quantity of nutrient loading in our
coastal waterways (7).
Nutrients .from human activities enter estuarine and

coastal waterways through pulse events, for example the
irrigation of agricultural fields. "Excessive loads of

these nutrients can cause the eutrophication of estuarine
and coastal waters, thereby accelerating the production of

algae blooms" (7).
There are many anthropogenic activities that result in

environmental deficits for our estuarine and coastal
waters. First there are direct pipeline discharges from

coastal communities in southern California, such as Los
Angeles, Santa Monica and Oceanside (5). Secondly,

agricultural developments contribute to deforestation,

associated drainages, accumulation of sedimentation,

8

fragmentation of habitats, nutrient encroachment, pesticide
and herbicide pollution, which are activities that

continuously threaten our coastal waters. Third, increased
urbanization from filling in for development projects, new
landfill excavations, fragmentation of lands such as

wildlife habitats, the creation of impoundments from

diking, runoff from urban or construction projects (new
and/or old), effluent pollution, nutrient enrichment and

sedimentation create population demands for more housing,

hence creating encroachment issues (10).

Moreover, the activities of agencies such as water

municipalities creating channels for flood control, the
creation of ditches and chemical treatments for insect
abatements contribute to the environmental pollution of
coastal waters. The extraction of natural resources, such

as petrochemicals, sediments, water, salt and fisheries are

sources of anthropogenic activities. Finally, the
accessibility of compacted soils, the removal and
disturbances of organisms and the introduction of evasive
exotic species,

(both flora and fauna) create an

environmental deficit within our coastal waters (10).
The essentials for estuarine health are influenced by

nutrient loading from a variety of ecosystem elements such
9

as physical, biologic, hydrologic, geologic and chemical,
which are illustrated in Table 1 (5).

Table 1. Essentials For The Health Of An Estuarine
Ecosystem.__________ _________

Essentials For The Health Of An Estuarine Ecosystem

Ecosystem

Spatial structures which are varied and elevated.
Performance and cycling of nutrients within
standard ranges.

Biologic1

Species are. representative, viable and plentiful
for the seasons. Less desirable species are within
acceptable ranges. Vital biological processes are
not disproportionate nor subdued.

f

,Hydrologic

Sufficient influx of continuous freshwater
movement from river discharges and groundwater
seepages.

,Chemical

Quality of O2 is highly elevated above and
below its layers. Nutrient concentrations and O2
levels are inside, safe and acceptable limits.

Geologic
i1

Benthic environments, which are varied and
elevated. An ample combination of erosional and
depositional difference in the estuarine sediments.
An adequate assortment for sediment particle sizes.

1
1
1

Scope
The purpose of this research project is to determine
the nutrient concentrations as a measure of water quality

10

.

within the channels of the SMRE on United States Marine
Corps Base Camp Pendleton in southern California. Eight
water samples including an additional field blank for each

sample were collected and analyzed during summer 2008 and
ten water samples were collected for winter 2009, including

an additional field blank for each sample, from the SMRE

channels, the Pacific Ocean, the SMR upstream, and two
culverts, one under the Interstate Five (1-5) bridge and
the long culvert just below the agricultural fields.

Water samples were analyzed for the nutrient species:
ammonia, nitrite, nitrate, phosphate, total nitrogen and

total phosphorus. Analysis of the water samples also
included the parameters: pH, salinity (conductivity),
dissolved oxygen and temperature.

Additional analysis was conducted on sediments in the
upper right agricultural field, above the channels closest

to the estuary, for nutrient concentrations of nitrate and

phosphate. A total of nine stratified random samples

(27 soil samples) were collected with each one containing
three core samples of sediments from the upper right
agricultural field at, 0-6 inches, 6-12 inches, and 12-18

inches. Geographic Positioning Systems (GPS) readings were
recorded at each site (Appendix B).
11

Seasonal variation is used to determine if nutrient
concentrations are elevated or decreased during September

2008 (summer), December 2008 and March 2009 (winter), along

with low, high and ebb tides for flushing times, which also
affects the salinity, dissolved oxygen, temperature and pH.

Observations from within the estuary and photographs
are provided to help illustrate the locations of the water

sampling sites and to give an overview of the SMRE's
Watershed (APPENDIX C through M). The data obtained from
the SMRE will provide information to compare with past and

present data collected within the estuary's watershed. Data
will be provided to the Environmental Compliance Division,

which may provide access to military personnel, biologists,
geologist, game wardens, United States Fish and Wildlife

(USFW), United States Department of Agriculture (USDA) and
academics. The data may be analyzed in conjunction with

other estuarine research of similar scope relating to

nutrient concentrations in estuaries on military
installations or elsewhere.
Significance of the Project

In the last 150 to 300 years the deterioration of the

global coastal seas and estuaries has grown to a larger
extent. This is due in part to population expansion,

12

industrial growths and the demands of anthropogenic
activities. Anthropogenic exploitations are accountable for
the reduction of 90% of aquatic species and the eradication

of 65% seagrass and wetland habitats. Water quality has
degraded (10-1000 fold) due to the accelerated rate of a

variety of species, which has invaded a majority of
estuarine ecosystems and coastal seas. Currently 12 major
estuaries have been affected by numerous invading species

(11) .

Furthermore, in the last 100 years southern California

estuarine ecosystems have been eradicated due to the
filling in of sediments and dredging activity, at present
ninety4 (10) to seventy-five percent (10) of estuarine

wetlands no longer exist. "The remaining ten to twenty-five
percent (10) have been degraded through fragmentation,
water quality, habitat degradation, introduction of
invasive plants and feral animals, unregulated access and

other forms of environmental perturbation" (10).

During the late 1800's bays and estuaries on the west
coast became contaminated from encroaching developments.
4

Source: In an Online article: Estuarine System, author Wayne Ferren.
The ninety percent is from the California Coast Commission 1989, and
the seventy-five percent is from Dr. J. Zelder 1982. The remaining
twenty-five percent is also in the article Estuarine System by Dennis
and Marcus 1984.
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Between 1850 and 1880 pollution in our California bays and
estuaries were the results of hydrologic gold mining

operations and its associated activities. Eventually
inorganic and organic pollutants entered our California

coastal waterways via military facilities, localized ports,
and from industries (2). Figure 4 illustrates the features,

major threats, and management priorities to an estuarine
ecosystem.
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The significance of the research project is that no
prior data for the channels on the north side of the SMRE
had been collected and/or analyzed for nutrient

concentrations and its effects on water quality within the
estuary. Also, these sites had limited access during a time

period when the use for nearby land is currently changing

in part from agriculture to military base housing. This
information will provide additional data on the effects of
land conversions, usages, and water quality within the SMRE

Watershed.
One could assess or hypothesize possible anthropogenic

contributors of nutrients by comparing concentrations
geographically among the sampling sites in the estuary.
Past and present data has indicated that agricultural

activities are contributors to other estuarine ecosystems,
for example, through excess nitrogen and phosphorous from

fertilizer runoff. It is possible that the close proximity
of the agricultural fields within the SMRE watershed may

contribute to the elevation of nutrient levels within the
channels and the SMRE (APPENDIX A).
Access to this estuary is limited and therefore,

restricted by the United States Military at Camp Pendleton
Marine Corps Base. Information and research materials are
15

limited or unavailable. What is interesting is that on the

list of estuaries for the United States, there is no
mention of the SMRE for San Diego County in California.

Furthermore, the Environmental Protection Agency (EPA) does
not list the SMRE (38). Additionally most maps (except

military) do not list the SMRE. The information obtained
from this research project will provide environmentalists,

researchers and the academic community information on the

estuary's nutrient concentrations, possible contributors of
those concentrations, and future environmental preventions

or limitations on water quality for potential reclamation

projects in estuaries and wetland marshes on military
installations or elsewhere.
Limitations to the Proj ect
There are many dynamics and variables within the

SMRE's Watershed. It is impossible to be able to analyze
all of these variables in a brief time frame from September

2008 to March 2009 allotted for this project. To be able to
fully study the issues involved in this project, the time
frame would need to be increased substantially over several
years with multiple sampling events per season.

Permission was granted for limited access and sampling
(for only a few samples). Entrance into the estuary
16

required military police permission (via a hand held radio)
each time access to the estuary (beach access) was needed

for a sampling event, photography and/or observations. This
required an appointment with staff personnel from

Environmental Security for each sampling event to radio our

entrance time into and our projected stay in the SMRE.
Also, certain desirable sample sites are inaccessible due

to high tides, quicksand and density of coastal growths,
debris accumulation and pockets of algae. Sampling areas

could risk possible injury to the researcher and the safety
partner (staff personnel) from Environmental Security.

The limitations for the agricultural field required

that the soil sampling sites have prior approval from
Environmental Security and to plot GPS coordinates of those

Sites. The application of fertilizer and pesticides usage
was limited or terminated because of the changes in land

usage from agricultural to that of military housing after
the last planting season for 2008. Contractors were

conducting their own analysis for other parameters and the
remaining areas of the upper right agricultural field were

prohibited.

Lastly, several precipitation events have recently
occurred between December 2008 and March 2009 after the
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crops were harvested and therefore, dilutions of the

nutrient concentrations within the soils are possible.
An added limitation is that the SMRE supports

threatened and endangered species that are protected on the

installation. This is due in part to limited and restricted

access of the base. This allows all species the freedom to
nest and maintain their habitats without any degradation to

those habitats or nesting sites from disturbances of nearby
populations or individuals who would use it as a
thoroughfare or for recreation. The effects of waterfowl

populations on the nutrient concentrations are currently

unknown. Therefore this project is a snap shot assessment

of nutrient water quality for 2008-2009 in the SMRE

channels.
Review of Related Literature
Review of related literature will be discussed through

out the following chapters on nutrient concentrations

levels within the SMRE channels and the watershed.
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CHAPTER TWO
ATTRIBUTES OF ESTUARIES

Definition Of An Estuary
"An estuary is a semi-enclosed coastal body of water
which has free connection with the open sea and within
which sea water is measurably diluted with fresh water

derived from a land drainage" (15). The second definition

describes an estuary in three sectors. "An estuary is an

inlet of the sea reaching into a river valley as far as the
upper limit of tidal rise, usually being divisible into

three sectors:

(a) a marine or lower estuary, a free

connection with the open sea;

(b) a middle estuary, subject

to strong salt and freshwater mixing; and (c) an upper or

fluvial estuary, characterized by fresh water but subject

to daily tidal action " (28) .
Both definitions are applicable to the SMRE located in

southern California. SMRE has three sectors: a) a lower
lagoon which has a free connection and is open to the

Pacific Ocean, b) a middle estuary in which saline waters
from the Pacific Ocean combines with the fresh river waters

from the SMR, and C) a upper fluvial estuary that is

characterized by fresh river water (SMR) and which is
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exposed to the daily tidal fluxes from the Pacific Ocean.
The lower lagoon of the SMRE is exposed and opened to the

Pacific Ocean as shown in Figure 5.

Figure 5. The Lower Lagoon.6

The junction of Murrieta Creek and the Temecula River
created the Santa Margarita River. The river has created a

gorge flowing southward, in the direction of the Santa Ana
Mountains and comes to an end at Gavilan Mountain. The
6 Source: The lower lagoon of the SMRE. Photography: by Barbara

Elisabeth Long, summer 2008.
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tributaries of the SMR contributed to the creation of

Sandia and De Luz Creek. This has created a basin in the

Sana Ana Mountains (27). The SMR Watershed is shown in
Figure 6, which depicts the hydrologic units for each area
within the Watershed.

Hydrologic Units.7

Finally, the erosion process from the SMR comes to an end,

creating a large floodplain that flows into the military

Source:
Reprinted From, Project Clean Water. Figure 6. Illustrates
the Santa Margarita River Hydrologic Watershed.
http://www.projectcleanwater.org (accessed June 24, 2009).
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installation Camp Pendleton (27). The SMR flows downward
into the SMRE, eventually reaching the Pacific Ocean as

shown in Figure 7 from a satellite view.

Figure 7. Santa Margarita River Estuary's Coastline.8

Figure 7 delineates the agricultural fields on the north

side of the estuary, which are indicated in dark green

8

Source: Reprinted from Google Earth'. SMRE and its coastline, located
on U.S. Marine Corps Camp Pendleton, in San Diego County southern
California, http://www.googlemaps (accessed June 9, 2008).
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(lower agricultural field near the Pacific Ocean and
channels) and light brown (upper agricultural field with I-

5 and long culverts just below). The lower AG field is used
r

for crops such as tomatoes and melons. The upper AG field

is designated for a new military housing complex, which is
currently under construction. SMRE eventually empties into
the Pacific Ocean. Interstate Five, San Diego Freeway and
the North Area Transit Station are also depicted crossing

the estuary. The developed areas of the military base are

to the North, East and the South, which is labeled USMC
Camp Pendleton.

Estuarine Boarders and Signatures

"Pritchard describes the estuary as a formation of a
coastline that has clearly distinct lateral borders and
which are attributes of an estuary's circulation" (15).
"Geographic signatures are physical, chemical, biotic, and

human-induced characteristics or processes that help define

similar or unique features of estuaries along latitudinal
or geographic gradients" (18).

Estuaries require free access and must be able to

exchange the water between themselves and the open ocean.
An estuary's characteristic circulation patterns are

dependent on a substantial saline conversion within the
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estuary itself by either advection or diffusion. Lastly,
the dilution of the ocean water must be quantifiable (24).

Estuarine Energy
"Estuaries typically experience great spatial

variations, seasonal, semidiurnal and/or diurnal
oscillations in material concentrations, water level, and
flow velocity" (19). This is predominantly due to a

combination of tidal influence, fresh-water discharge rate,

meteorological enforcement (sun and moon) and the

constraints enforced by the configuration and geology of
the estuary. Estuarine integration is perpetuated by the

energy inputs of tidal actions, which can be affected by

climatic wind influences. Tidal actions are the effect of
gravitational interactions between the earth, moon, and the

sun. This interaction from the moon at any point on the

earth's surface generates two high tides and two low tides,
every twenty four hours and at fifty meters at most

locations on a daily basis. Flow movement of estuarine
waters depends on tidal action, shape of the estuary's

basin and discharging of fresh water (19).

Salinity
The quantity of dissolved g salts/1000 g = ppt~
g/NaCl/L of seawater is known as salinity. Salinity
24

measurement is often expressed as parts per thousand (or
ppt) and ranges from 33 to 40 in the open ocean (19).

Conductivity (electric current) is often calibrated to
NaCl, so salinity is expressed as grams NaCl equivalent per

liter, used as an index for salinity (measurement of
potassium or sodium ions) for ocean waters. Conductivity
was used to measure salinity within the SMRE during both

seasonal events between 2008 and 2009. Contributions from
fresh water during seasonal events can alter salinity at
any position within an estuary throughout the year. Data

obtained during 1986-1987, and 1993 within the SMRE

throughout the year from seven sampling stations determine
the salinity ranges from 1.5 to 30 parts per thousand (1).
The seven sampling stations were distributed throughout the

estuary (1). However, their vicinity was not in the SMRE's

channels.
Fundamentally, all estuaries share estuarine flow.

This is exhibited from lower surface waters, which are
decreased in salinity and which flow seaward. Eventually

saline waters move upward along the bottom of the estuary

(19). The upper region of an estuary; where riverine waters
change to that of estuarine waters is called the salinity

gradient zone. This gradient region is affiliated with the
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turbidity of suspended sediments and the deposition of

sediment, which has accumulated on the bottom of an

estuary. This includes phytoplankton's summer blooming,
which is affected by the physical and geologic ocean

environment (10).

Estuaries combine with land drainages from
groundwater seepages, streams, creeks, lakes and rivers,
and eventually reaches the mouth of an estuary. "Estuarine

circulation patterns are driven by density gradients of

seawater dilutions from fresh waters" (15). There are
numerous contributing factors for an estuary's system

efficiency (its performance), such as extensive nutrient

loading from the influx of river waters to an estuary,
nutrient concentrations, tidal conversions, stratification
and its retention times (20).

Estuarine systems are continuously dynamic and as such
are proliferators of an array of biological life and

decomposition. Hence, they are nurseries for a host of new

sea life, or habitats for local birds, including a respite
for migratory birds and nesting grounds for many threatened

and endangered species. The estuarine system provides food

chain support, nutrient cycling, hydrologic and water
quality. For many organisms there are five attributes that
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can be accredited to their success in the estuarine

ecosystems: salinity gradients, sediments, and large
amounts of detritus, safety and independence from wave

actions. ■
Peel-Harvey Estuaries
The estuarine environment contains a large biomass of

algae, numerous species of seagrasses and a variety of

phytoplankton; therefore, estuaries provide a sustainable
food source and are nutrient rich (37). An example of an

estuary in southwestern Australia that sustains a sizeable

biomass of green macroalgae is the Peel Inlet Estuary. The
adjoining Harvey Estuary is inundated with dense blooms of
the Cyanobacterium Nodulatia spumigena Mert. Three main

rivers feed the Peel-Harvey estuarine ecosystem. The

estuaries are adjoining basins that are highly eutrophic,
bar-built and/or coastal lagoons (21) .
The Peel-Harvey Estuaries are located on terrain,
which was heavily used for agriculture in the 1920's and

has been drained, and consists of a coastal plain with
sandy loams with decreased elevation. The Peel-Harvey

estuaries have seen an increase in anthropogenic
activities: urbanization, recreational activities, sheep

farming, piggeries and fishery industries. Agricultural
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catchments are obviously responsible for the affects of
eutrophication for these estuaries, which are located on a

sandy coastal plain in southwestern Australia (21).
The Peel-Harvey Estuaries provide respites and

habitats for Waterbirds and the migratory waders, similar
to the SMRE in southern California. The land usages

surrounding both the SMRE and the Peel-Harvey Estuaries
have long histories deeply embedded in agricultural
activities. Although SMRE does not have the activities of 3
rivers discharging into it, as does the Peel-Harvey

Estuarine System (21).
Estuary Origins and Developments
Estuaries are relatively young according to the

geologic time scale (15). Estuaries are ephemeral
structures. "Although some may have a history to be counted
in millions of years, many estuaries extant today are the

products of the rise in sea-level consequent on the retreat

of the last glaciation, and as such they are only some 8000
years old (if anything approaching their present form)"

(22). "Structurally defined, estuaries fall into two major
categories: tectonically positive coasts, usually marked by
hard rocks and a long-term history net emergence (not

necessarily active today); and tectonically negative
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coasts, marked by soft sedimentary material and a long-term

history of net submergence (not necessarily active today)"

(23). An estuary exhibiting a tectonically negative coast
with soft sedimentary material is the SMRE as shown in

Figure 8. Estuaries exhibiting vertical relief, cliffs that
are rocky and water, which is deep, are classified as hard

rock estuaries. An estuary's counterpart is delineated by
the downwarp of the earth's crust, and grabens that are

fault bounded, with the deposition of sediments. They are
classified as a soft-rocked estuary. The sediment in a soft
coast estuary such as the SMRE is characteristically

unconsolidated, cemented and/or compacted (23).
An estuary is a constantly changing and developing

landform, which continues through a life cycle from a vale
formation either from fluvial or ice erosions (23).
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Figure 8. The Santa Margarita River Estuary Exhibiting A

Soft Coast.9

It is preceded by a cycle of drowning, eustatic elevation
of ocean levels, along with or the absence of vertical

crustal movements. Ultimately, finishing with the

continuous filling in of essentially deltaic offshore
sedimentation that is facilitated by a eustatic decline in
ocean levels among/or devoid of vertical crustal movements

(23) .

9 Source: The Santa Margarita River
.
...
Estuary exhibiting a soft coast.
Photograph: by Barbara Elisabeth Long, summer 2008.
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Types of Estuaries

"Estuaries are categorized into three latitudinalclimatic groups that are influenced by (a) the climaticgeomorphic history of their settling during the Quaternary

period, essentially the last 2 million yr and more

especially the last glacial cycle of 100,000 yr; and (b)
their setting in terms of plate tectonics, which largely

define vertical crustal motions other than those introduced

by glacial isostasy" (23). Climatic factors that control
estuarine formations are polar, subpolar, westerlytemperate zones, tropical and equatorial zones. Each
estuary is distinctively different, evolving at its own

rate and is subject to an array of physical constraints.
Five criteria can delineate the state or developmental
stages of an estuary: geographic location, geologic,

biological, and hydrological (24).

Classification of an Estuary
Pritchard divided the classifications of estuaries

into three geologic categories but ultimately included a
fourth (15). Estuaries are classified as either drowned

rivers vales, fjords, bar-built/coastal lagoons or those

created by tectonic processes (26). A drowned river vale
was created by ocean flooding of Pleistocene-Holocene river
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vales during the Flandrian transgression and can be found
in the lower and middle latitudes. "A drowned river estuary

is characterized by a funnel shape with an exponential

increase of the cross-section towards the mouth" (24). "The
valley has an acute V-shaped when formed on mountain and
cliffy coasts, but a classical coastal plain estuary has a

more open V shape restricted only to the channel" (24).
Fjords originate at elevated altitudes in northern
Europe and Canada that were once enclosed in Pleistocene

ice-sheets. Fjords represent a substantial portion of the
Earth's coastal zone and are the interface and a barrier

amid glaciated continents and the oceans (24). Fjords’
flushing times are increasingly slower; because of this a

fjord is subjected to continuous environmental conditions.

The southern coast of Chile is an example of fjord changed
by an alpine glaciation. Fjord vale widths are
comparatively uniform and its cross-section is

characterized by a U-shaped configuration. Another

attribute is the existence of a sill in close proximity to

or at the mouth that closes the extremely deep vale. They
can be found in rocky shores; however, sediment is somewhat

scarce and seasonally variable (24) .
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Coastal lagoons are called bar-built estuaries. The

SMRE in southern California is an example of a coastal
lagoon. The majority of coastal lagoons can be found on

river vales with low lying reliefs at the coast, diminutive
tidal ranges and discharging of river waters. "The lagoons
proper are normally shallow (about 2 m deep) bordered on
the land side by either the original coast (microtidal

environments) or tidal flats but most commonly by salt
marshes or mangroves in tropical climates" (24). From an

evolutionary perspective, coastal lagoons/bar-built
estuaries are connected to longshore drifts or ocean-level

variations (25).

Tectonic estuaries are estuaries defined by Pritchard
as a category in which other estuaries are not obviously
defined (15). Examples of tectonic estuaries formed by
movements of the San Andreas' fault systems are the San

Francisco Bay, San Joaquin, and Sacramento Rivers in
northern and central California (24).

The estuarine environment is a Mecca for anthropogenic
activities. The overall populace debates whether or not

estuaries provide a benefit or a pleasure. Estuaries and

wetlands are extremely essential and vital for maintaining
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water quality and are natural filtering systems, removing
pollutants and sediments from moving waters (10).
Nutrients from agricultural runoff and fresh water

seepages from local perched water tables are significant

contributors to degradation of water quality in numerous

estuaries (10). The SMRE exemplifies an estuary where fresh
water seepages occur throughout the coastline of the

estuary and where proximity to agricultural fields could
lead to an impact on water quality. One indicator of this

impact is the abundance of fresh water reeds growing in and
out of the fresh water seepages throughout the area of the

SMRE's coastline as shown in Figure 9. Freshwater reeds can

be seen through out the north edge of the estuary, these
reed clusters are especially dense throughout the channels
and the SMRE coastline.
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Figure 9. Reeds Growing Out Of The Underground Freshwater
Seepages.10

10 Source: Reeds growing out of underground freshwater seepages.
Photography: by Barbara Elisabeth Long, summer 2008.
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CHAPTER THREE

LAND USAGE

United States Marine Corps, Camp Pendleton
The SMRE is located on USMC Camp Pendleton north of

Oceanside, California, which exhibits a Mediterranean

climate with hot dry summers and limited precipitation
events. The SMRE occupies the southwestern corner of the
military base. The SMR watershed consists of approximately
750 square miles of which 192 acres are wetlands (1).

USMC Camp Pendleton is the largest United States

Marine Corps Base on the West Coast and is home to the 1st

Marine Expeditionary Force. Camp Pendleton became a
permanent military installation in 1946 (29).
Ninety percent of USMC Camp Pendleton installation's

undeveloped lands are used for military maneuvers such as

amphibious air, sea and ground training activities. Camp
Pendleton encompasses approximately 125,000 acres of which

only 10,000 acres is developed (29).
The Marine Corps Base borders the western border and

encompasses seventeen miles of Pacific Ocean coastline. The

military base is located in northern San Diego County. USMC

Camp Pendleton is located between two coastal cities, Los
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Angeles to the north, which is approximately eighty-two
miles, and to the south approximately thirty-eight miles is
the city San Diego. However, three smaller cities border
the military base, San Clemente in the north, the city of

Oceanside in the south and the community of Fallbrook to
the East. The base shares its geographic boundaries to the
north and the east with the San Mateo Wilderness Area, the
Cleveland National Forest and the Fallbrook Naval Weapons

Station (29).
History of Land Usage
The city of Oceanside and USMC Camp Pendleton's lands
have their histories deeply rooted in the Shoshonean tribe,

which later branched off and became the Luiseno Indians, as

well as Spanish explorers, missions, farming, agriculture
and cattle herding. Farmers and missions cultivated the

floodplain before 1942 (30).

North of the SMRE, military lands are currently leased
for agricultural activities, however several agricultural

fields are no longer in use. "The Navy has established
leases and easements for an estimated 28,500 acres of the

base, which includes the approximate 2,000 acre publicly
accessible San Onofre Public Park, and 25,300 acres used
for agricultural purposes" (29) .
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The channels were created from dredging activities

located within the north side of the SMRE (1). The SMRE

exhibits both an estuarine and a riparian ecosystem. The
SMRE supports habitats and nesting sites for numerous

threatened and endangered species, for example the western

snowy plover and the largest populace of least terns in the

world (1).
The SMRE is located below two agricultural fields

(lower left towards the Pacific Ocean and the upper right
above the 1-5 and long culvert), the 1-5 interstate and the

North Area Transit Station. Access is restricted within the

area of the estuary and its nearby training facilities.
However, authorized access is allowed with scheduled

arrangements. Tours of the coastline (beach) area and long
distance observations of wildlife can be made. However,
individuals touring the area are not permitted up into the
SMRE. Warning signs are placed throughout the estuary's

watershed to delineate endangered species zones and
military training 'maneuvers, as shown in the photograph at
Blue Beach, Pacific Ocean in Figure 10 (29).
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■
Figure 10. Blue Beach Endangered Species
Zone. 10

The environmental impact of effluent discharges in our

coastal waterways has decreased substantially. This is due
in part to strict regulations from local, Regional and the

State Water Resource Boards. Since the 1970's, increasing

awareness of effluent discharging in our waterways and its
risks to our drinking water supply has become a contentious
issue that is always in the forefront.

10 Source: Blue Beach endangered species zone. Photography: By Barbara
Elisabeth Long, summer 2008.
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California was the first in the United States to enforce
and implement strict adherence to water laws in the
early 1970's. Because of these strict laws, including the
Clean Water Act and the Porter Cologne Act of 1969, a

National Pollutant Discharge Elimination System permit is
required for the discharging of effluents into any

waterway.

Each Regional Water Quality Control Board (RWQCB) is
responsible for developing a Basin Plan for their region,the SMRE is located in Region 9 for San Diego County. The

RWQCB is responsible for its basin plan, regulatory laws,
discharging permits, enforcement and water quality

monitoring (4).
An example of this NPDES permit is held by USMC Camp

Pendleton. "MCB Camp Pendleton has a National Pollutant

Discharge Elimination System (NPDES) permit to discharge
effluent from four on-base sewage treatment plants-Plant
Nos. 1, 2, 3, and 13. All of the effluent is discharged to

the Pacific Ocean via the City of Oceanside's Ocean Outfall
(RWQCB)" (29). Originally, Affluents from waste treatment

plants were discharged into the SMRE in the early 1940's to
the 1970's (1).
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Moreover, with increased populations comes a demand
for more housing. This is the case for the SMRE. Land is

needed for more military personnel and their dependents;
because of this the right upper agricultural field above

the channels are designated for new housing. It is

currently under construction for additional military

housing. Military personnel numbering (20,000) and their
dependents (14,272), as of March 2005 currently reside in
14 military housing areas consisting of 6,305 units. Most

of the development can be located in the southwestern area

of Camp Pendleton (29).
Anthropogenic activities resulting from increased
demands have created discharges from homes, such as

discharging of waste waters, washing cars, watering lawns,

draining pools, and construction of new homes. As a result,
drainages flow down hillsides and contribute to urban

runoff. An example of this can be seen at Upper Newport
Back Bay Estuary (UNBE), the 2nd largest in southern
California, which sits below a hillside; housing tracts
above are contributors of urban pollutants that flow or
percolate into the groundwater, bay and Pacific Ocean.

Applications of fertilizers from urban tract home lawns may

contribute and create a downward migration into any
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groundwater, adjoining or nearby waterways, eventually
polluting the water supply with elevated levels of

phosphorous and nitrogen. Although the UNBE is regularly

subjected to stressors from these human activities, which

have resulted in (excessive nutrients, eutrophication, and
hypoxia), it is an ecological reserve protecting critical

habitats and endangered (39).
This has created an environmental impact on water
supply and its quality, which contributes to elevated
levels of pollutants, contaminants, and affects or in

severe cases destroys our estuarine, riparian, river,

lakes, creeks, ocean ecosystems, its wildlife and habitats.
Without strict adherence to laws and human interventions
our coastal water ways and its tributaries will continually

flow even if they are polluted.
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CHAPTER FOUR
METHODS AND MATERIALS

Analysis
Analysis was conducted on water samples that were

collected in the channels of the SMRE on USMC Camp

Pendleton in northern San Diego County, in southern

California. Two separate sampling events occurred between
Summer 2008 and Winter 2009, these samples were tested for
the nutrient species ammonia, nitrite, nitrate, total

nitrogen, phosphate and total phosphorous. Additional
parameters obtained for these sites include pH, salinity
(conductivity), temperature and dissolved oxygen (DO).

Sampling Sites
The summer .sampling event in 2008 consisted of eight

sites: site 1 De Luz, Upper River, Site 2, mouth of the
estuary, site 3, before the bend in the 1st channel, site 4

at the bend, site 5 to the right of the iron ball, site 6
to the left of the iron ball, site 7 below the Stuart Mesa
Bridge and site 8 Blue Beach, Pacific Ocean (see figure

12). Winter 2009 sampling event consisted of the same sites

in the estuary, however, site 9 and 10 were included (1-5
and the long culvert) in the sampling event for winter

43

2009. Photographs of the sampling sites are in Appendix C

through M. The opportunity to sample site 9 and 10 came as
the result of precipitation event in'December 2008, hence

collection of samples for these two sites were obtained.
The channels are illustrated using remote sensing in Figure

11 provided by USMC Camp Pendleton. The infrared satellite
map from 1993 provides an overview of the channels and the

SMRE. However, the infrared map does show the over-growth

of coastal vegetation in all the adjoining channels (32).
Furthermore, Figure 12 illustrates the close proximity of

the two agricultural fields in the SMRE Watershed. The

field to the left is directly above the channels (burms)
and the field to the right (upper right AG field located

above the culverts) was sampled for the nutrients nitrate
and phosphate (33).
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Figure 11. The Santa Margarita River Estuary Illustrated
Using Remote Sensing.11

The SMRE is illustrated with red arrows showing the
location of the sampling sites for 2008 and 2009 below in*

Photograph: Courtesy of USMC Camp Pendleton using infrared satellite
technology of the SMRE in 1993, Courtesy Of Environmental Security,
2009.
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Figure 12 depicted is the lower agricultural field and was
not sampled for nutrients.

Figure 12. The Location Of The Sampling Sites.12

The reason behind sampling sites 9 and 10 was, that if a

precipitation or drainage event did occur, samples could be

12

Source: Reprinted from Google Earth (maps), Location of sampling
sites, USMC Camp Pendleton, northern San Diego County, California,
http://www.googlemaps (accessed September 2008).
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obtained and analyzed for possible nutrient concentrations.

These two culverts are directly below the upper right
agricultural field. For each site a total of eight water

samples were collected for the first sampling event for
2008, an additional sample (a field duplicate) was also

collected. The second sampling event for 2009, ten water

samples were collected, along with an additional water (a
field duplicate) sample. Each set of data from all water
sampling sites within the channels was recorded with

regards to its location using a Geographic Positioning

Systems [GPS]

(Appendix A). Geographic Information's

Systems Map (GIS) was created to illustrate the location of
the sampling sites in the estuary's watershed for September
and December 2008, and March 2009 (Appendix B). This also

included the sampling sites (soils) for the upper
agricultural field in 2009, which shows the close proximity

of the fields to the channels (Appendix A).
To help illustrate the location of the SMRE and the
water sampling sites, photographs were taken with a Nikon

200D camera (Nikon Corporation, Thailand),

(Appendix C

through M). Site data was recorded on the water sampling

bottles and in a notebook, along with a GPS using an eTrex
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Vista HCx GARMIN GPS Unit (Garmin International, Inc.

Olathe, Kansas).
The rationale for the sampling sites and times

selected was to obtain samples under a variety of tidal and

weather conditions. San Diego's climate is relatively mild,

with mean temperatures of 65° F and 10 to 13 inches for

precipitation, which falls during November through
February. The SMRE's annual precipitation is less than 12

inches at the Pacific coastline to 45 inches on Mount

Palomar (4). Collection of water samples occurred at low,
high and ebb tides for each of the two sampling events

between September 2008 and March 2009. Samples had to be

collected over 6 to 8 hour window from various sites. So,
for the purpose of this report low tide conditions are
defined as the low tide from NOAA plus or minus 4 hours.
The 1st and 2nd water sampling events in 2008 and 2009 were

selected for their seasonal differences. The reason was to
evaluate and analyze nutrient concentrations for elevated

or decreased levels of nutrients and to observe if the

temperature, pH, dissolved oxygen and salinity exhibited
any differences between the seasons or tidal changes.

Sites were selected to represent different areas
within the estuary: at the mouth of the channel that is
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connected to the estuary, continuing approximately every

fifty yards along the 1st channel and the Pacific Ocean

outlet. Control samples were collected at site 1 De Luz, the
upper area of the SMR on the military base and site 7 at

Stuart Mesa, which is in the middle sector of the SMRE and

is directly influenced by the hydrology of the SMR. Runoff,
which drains into the estuary from the upper right
agricultural fields, flows intermittingly from the above and
downward into the Interstate 5 culvert and the long culvert.

These two culverts were sampled in December 2008 during a
precipitation event. A determination was made to collect
water samples during this event, since the water was flowing

into the SMRE from these two culverts. Previous observations
showed water drainage coming from these culverts earlier in
the summer. It was decided that if an opportunity arose to

sample runoff flowing from these culverts, that the data

would be beneficial.
Before sampling began a Quality Assurance Project Plan
(QAPP) detailing the outline of the procedures for the

collection of the water sampling, research and the analysis

process for the SMRE channels was submitted to the
Environmental Security Department at Camp Pendleton. For

this QAPP a hypothesis was formulated. The concentration
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levels for nutrients in the channel in the SMRE would be
expected to be elevated as a result of their proximity to

the surrounding agricultural fields. Ammonia, nitrite,

nitrate, total nitrogen, phosphate and total phosphorous

were chosen as representative indicators for nutrient
levels as different oxidation states of nitrogen and

phosphorous.
The procedures from Standard Methods 21st edition and

guidelines concerning sampling procedures were followed. The
analytical methods for each of the species, additional
parameters for the water samples, tide events (high, low and
ebb), preparation for sampling, number of water samples to

be collected, chain of custody (if needed), safety measures
to and within the estuary, collection of the samples,

handling and storage of each water sample from the SMRE
channels were all followed according to the standard

protocols.
Preparations were made initially before each water

sampling event began in the SMRE for 2008 and 2009. Each
250 mL plastic bottle, high density polyethylene plastic
(HDPE) was sterilized, washed with phosphate-free detergent

(Liquinox detergent) and rinsed with 3 M HC1 (5 times),
then rinsed 6 times with ultrapure deionized water in the
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lab before going to the field for sampling. Additional

bottles for field duplicates were processed the same as the

original SMRE water samples. To preserve the samples, an
ice chest with ice was used to keep samples chilled during

their transport back to California State University, San
Bernardino.
Each collected water sample and field duplicate was

rinsed out three times with the SMRE's water from that
particular site before the sample was finally collected.
All SMRE collected water samples were filtered twice (0.23

um nylon filter) before analysis.

Field Parameters
Upon reaching the selected Sites, observations of the

sampling site, photos and GPS coordinates were taken. Also
the pH, temperature, dissolved oxygen, and salinity were

measured in situ using a WTW Multiparameter 340i/Set
(Weiheim, Germany) combination field water probe. The probe

was calibrated prior to each water-sampling event for

summer 2008 and winter 2009 with commercial pH buffers and
KC1 conductivity solutions.
The above parameters were recorded within the

estuary's designated sampling sites for both summer 2008
and winter 2009. Each collected water sample, along with a
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field duplicate was placed on ice for transportation back

to the campus laboratory and stored at 4 degrees Celsius in
the lab's walk-in refrigerator until analysis of samples

were performed.
Ammonia
The method used for ammonia is the colorimetric

phenate method 4500-NH3 D (Standard Methods 21st edition). In

this method, 0.05 mL of 0.0030 M MnSO^ is added to a 10-mL
sample. With stirring, 0.5 mL of 5-6% sodium hypochlorite
is added, and then 0.6 mL of the phenate reagent (0.32 M

phenol, 0.075 M NaOH) is added immediately. After

approximately 10 minutes, blue-colored indophenol develops,
indicating the presence of ammonia, and the absorbance at
630 nm was measured with a spectrophotometer (Model 1240

Mini-UV, Shimadzu). Calibration was performed with ammonium
chloride standard solutions. A Beer's Law plot was

obtained, in both ultrapure deionized water and salt-water

(30 g/L NaCl). The calibration was performed with standard
concentrations: a) 0.1 ppm as N, b) 0.5 ppm as N, C) 2 ppm

as N, and d) 1 ppm as N (34).
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Nitrite
The method used for nitrite is the colorimetric 4500-

NO2- B (Standard Methods 21st edition). This method produces
varying shades of fuchsia in the presence of nitrite.

In this method 10 mL of SMRE water sample and 10 mL of

ultrapure deionized water are mixed into a small beaker.
With stirring, eight drops of sulfanilamide reagent: 10 g/L
sulfanilamide in 85% phosphoric acid is added to 1 g/L N(1-naphthyl)-ethylenediamine dihydrochloride.) After 10minutes a fuchsia/purple azo dye indicates the presence of

nitrite. The absorbance was measured at 540 nm with a
spectrophotometer (Model 1240 Mini-UV, Shimadzu). The SMRE
water sample from site 4 required dilution by a factor of

5. The calibration was performed with standard sodium

nitrite solutions: a) 0.5 ppm N, b) 0.25 ppm N, c) 0.5 ppm
N, and d) 1 ppm N (34).

Nitrate and Phosphate
Ion chromatography was used for this analysis using a
Model 761 Compact IC (Metrohm-Peak, Houston, TX) with

suppressed conductivity detection. For the summer sampling

event in 2008 a 10-cm standard anion column (Metrosep A
Supp 5-100) was used with the eluent mixture at 0.7 mM HCO3and a 2.8 mM CO32-* For the winter 2009 sampling a 15-cm
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column (Metrosep A Supp 5-150) was used with the eluent
mixture at 1.0 mM HCO3” and 3.2 mM CO3-2. The flow rate was
0.7 mL/min.
All standards and samples were diluted by a factor of

10 with ultrapure deionized water prior to 20-p.L injections.
The conductivity peak area response was then calibrated

with standard concentrations of sodium nitrate and sodium

dihydrogen phosphate, prepared in a synthetic saltwater
containing 0.5 M NaCl and .002 M Na2SC>4 as standards. Three

standards were prepared containing both nitrate and

phosphate: 0.1 mg/L, 2 mg/L, 20 mg/L nitrogen, and .05
mg/L. 0.5 mg/L, 5 mg/L phosphorous. Use of synthetic

saltwater is to simulate the potential interference of

chloride and sulfate on the analysis (34).
Total Nitrogen
The method used for the detection of total nitrogen is
the QuikChem 10-107-04-4-B method (Lachat Applications

Group, Loveland, Co). In this method all nitrogen is

converted into nitrate. The nitrate is then determined by
flow injection analysis, where the nitrate is reduced to

nitrite with cadmium, and then the nitrite is determined
colorimetrically with a sulfanilamide reagent. Peak area is
obtained at 520 nm and calibrated to standard
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concentrations. Samples are injected into a carrier

solution of 0.231 M sulfuric acid. Peak areas are recorded
with each injection (13).
There are two ranges for the working standards for

this method. These calibration standards were prepared from
a dilution of stock standards, and were used to calibrate
the instrument's response of peak area to analyte
concentrations. The working standards' concentrations for
the low range as mg N/L were: 5.0, 2.5, 1.25, 0.5, 0.25,

0.05, 0.02, and 0.00. The working standards' for high range
as mg N/L were: 40.0, 20.0, 10.0, 5.00, 2.50, 1.00, and

0.00 (13).
Prior to flow injection analysis (FIA), a digester

block BD-46,

(Lachat Loveland, Co) is set to 150 degrees,

all nitrogen is converted to nitrate with a digestion

procedure. For the first part of the digestion method 20 mL

of the SMRE water samples were pipetted in sixteen Corning
tubes; 5 mL of the basic acid reagent 1 (sodium hydroxide
[NaOH] and potassium persulfate [K2S2O8]) for digestion was

placed in each tube. The SMRE water samples were placed in
the block digester for approximately twenty minutes. After
the samples cooled, 0.5 mL's of the acidic digestion

reagent 2 (reagent 4, stock 11 N sulfuric acid [UN H2SO4]
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and potassium persulfate [K2S20g]) were added into each

tube. The sixteen tubes were placed back into the block

digester for another thirty minutes. After the entire
digestion process was complete and the tubes had cooled,
the tubes were shaken (to mix) and decanted into sixteen

tubes injection into the FIA (Lachat QuikChem 8500,

Loveland, CO). This digestion procedure for total nitrogen

also served for total phosphorous (13).
Total Phosphorous
The flow injection analysis colorimetry method used
for total phosphorous is the QuikChem Method 10-15-01-4-B,

(Lachat Applications, Loveland, Co). This acidic
environment of ammonium molybdate concentration and
antimony potassium tartrate concentration creates a
complex, which results from the reaction of the
orthophosphate ion (PO43“) . The development of a blue

complex is formed from an ascorbic acid (0.33 M) reduction
and is measured as the absorbance at 880 nm. The injected

absorbance peak areas are proportional to the concentration
of orthophosphate. The FIA carrier is 0.231 M sulfuric acid
(13) .
The standard solutions for the working standards low

range concentration range (as mg P/L) were 1.0, 0.5, 0.25,
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0.1, 0.02, 0.01, 0.005 and 0.00. The working standards high
range concentrations were (as mg P/L): 10.0, 5.0, 2.5, 1.0,

0.5, 0.25, and 0.00. The calibration standards are prepared
from a diluted stock standard solution of potassium

dihydrogenphosphate. The standards are used to calibrate
the instrument response of peak area to phosphorous

concentrations. All standards and samples were digested as

previously described for total nitrogen (13).
Nitrate and Phosphate (Soils)
Soil samples were extracted with water and analyzed by

Ion Chromatography. The collection of soil samples for

March 2009 was performed as a random stratified sampling
event, on fields closest to the SMRE. Nine random
stratified samples were collected in the upper right

agricultural field above the SMRE. Samples were placed in

sterile glass jars. The site number, labeled with
Geographic Position System Coordinates (GPS) and the
section were recorded and the samples were transported back

to campus. Each sample was placed in the refrigerator at 4

degree Celsius. Photos were taken of the surrounding soil
sampling sites in the upper right agricultural field.
The nine random stratified soil samples were collected

at 0-6 inches, 6-12 inches and 12-18 inches from the upper
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right agricultural field in the SMRE's watershed. All

twenty-seven-soil samples were prepared by drying 50 grams
of each sample at 23 degrees Celsius (room temperature) for
one week. After drying each sample was placed into sterile

glass jars for storage. 10 grams were then, placed in a

sterile glass jar with 100 mL of ultrapure deionized water
and placed into a water shaker bath for two hours. The soil

samples were then decanted into tubes and centrifuged for

15 minutes. The supernatant was then filtered with 0.23 pm
syringe filters.
Nitrate and phosphate calibration standards were
prepared using a similar procedure which was used for the

SMRE water samples on the IC, described previously, except
they were prepared in ultrapure deionized water instead of
simulated saltwater. The twenty-seven soil samples were
analyzed for the nutrients of'nitrate and phosphate on the
ion chromatograph (IC) with the same parameters described

earlier for the 15-cm column.
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CHAPTER FIVE

QUALITATIVE OBSERVATIONS, RESULTS, AND CONCLUSION

Visual Observations Of Sites
Observations in the SMRE showed that temperatures were

mild for summer 2008, with a slight breeze. Coastal flora

was relatively green for that time of the year as seen
below in Figure 13.11*

Figure 13. Coastal Floras At The Entrance To Blue Beach .11

Source: SMRE coastal floras at the entrance onto Blue Beach.
Photography: By Barbara Elisabeth Long, winter 2009.
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Site Comparisons

Sites 1 De Luz, 7 Stuart Mesa and 8 Pacific Ocean were

used as a comparison to the other sites in the 1st channel
for both sampling events of 2008 and 2009. Observance of

site 1 SMR upstream (2008-2009) was used for a control
site; vegetation was lush. This area of the SMR is more

riparian and has an active insect, bird, fish, rabbit and
deer population. Moreover, river flows were active and
continuous.

Site 7 was also used for a comparison site. The

vegetation was lush with active water movements. This part

of the estuary is affected by incoming (high) and out going
(low) tides, along with (SMR) water flowing towards the

lower lagoon in the estuary. Site 7 included a variety of
active bird and fish populations in the upper SMRE. Figure

14 shows site 7 just below the Stuart Mesa Bridge, which
crosses the SMRE. Site 7 is an area (below the bridge) in

which there is a lot of traffic, hunting areas close by,

saltpans, duck ponds, military housing and facilities in
the vicinity.
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Figure 14. Site 7 At Stuart Mesa Bridge, The Middle Sector

Of The Santa Margarita River Estuary.12

Site 8 Blue Beach at the Pacific Ocean is active with
seagulls, pelicans and cranes, which were evident along the

surf. Before the channels there are small basins or pools

of seawater with active organisms and minnows. Sea birds
were on the opposite side in flocks and seagulls were

congregating throughout the area of the lower lagoon, at
the entrance to the Pacific Ocean.
12

Source: Site 7 at Stuart Mesa Bridge, the middle sector of the SMRE.
Photography: By Barbara Elisabeth Long, summer 2008.
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Collections Sites And Descriptions

Inside the 1st channel, sites 2, 3, and 4 were
accessible during summer 2008 and winter 2009 sampling

events. For summer 2008 these areas included lush
vegetation, insect, fish and bird populations. In contrast,
site 5 and 6 were brackish and stagnant with decreased
flowing waters as shown in Figure 15. This was also true
for sites 5 and 6 during the winter sampling event of 2009.

The winter sampling event in 2009 as seen in Figure 15
illustrates decreased water volume, dead vegetation, with a

substantial amount of debris (bamboo-like sticks, plastic
containers, tires and a iron ball). Small pockets of water

were dispersed throughout the channel-. There was an active
insect population in the surrounding sites. The water
levels were lower in these two sites; evidence of activity
(organisms) was present in the water.
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Figure 15. Site 5 And 6 Showing The Iron Ball And Debris

Blocking The Water Flow.13

The observations for winter 2009 in the estuary were

dramatic. It was cooler with clear skies. The upper SMR at

De Luz contained lush green vegetation with an elevated
water table (evidence of flooding), a flourishing and
active riparian river environment with deer, rabbit

(rodents), fish and bird populations (hawks).

13

Source: Site 5 and 6 the showing the iron ball and debris blocking the
water flow. Photography: By Barbara Elisabeth Long, winter 2009.
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A lush riparian environment is shown in Figure 16 of the

upper SMR at site 1 at De Luz just past military housing.

The 1st channel for summer 2008 had restricted water flow at

sites 5 and 6. The channel was able to receive water and

exit up to site 4 for summer 2008. The 1st channel was
compromised towards sites 2, 3, 4, 5 and 6 for the winter

2009 event, meaning that water flow was limited from the

14

Source: Site 1 De Luz with lush vegetation. Photography: by Barbara
Elisabeth Long, winter 2009.
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estuarine or ocean waters. The results indicated, that
overall nutrient and salinity concentration levels were
higher under a low tide condition for both sampling events
during summer 2008 and winter 2009.

Control site 1 at De Luz was also unaffected by tidal
changes for both events in 2008 and 2009. Site 1 is so far
up from the main estuary from the Pacific Ocean; tides

would not be able to travel that far up into the
Creek/River section. Tide times for summer 2008 were
between 9:07 a.m. and 2:10 p.m. Collection of water samples
at sites 2 through 6 were at ebb and low tides. Both sites

for 5 and 6 both showed decreased tide levels for summer

2008 and winter 2009 sampling event. It is evident that
tidal fluxes play a substantial and active part in the
water movements of the estuary with respect to its water,

flora and fauna.
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Table 2. Summer 2008 Tides, Date And Time.

Tides

Date

‘ Site 1

High

9/9/08

9:07

a.m

1 Site 2

Ebb

9/9/08

10:30

a .m

Site1 3

Ebb

9/9/08

11:00

a.m

Site 4

Ebb

9/9/08

11:30

a .m

i Site 5

Low

9/9/08

1'1:54

a.m

: Site 6

Low

9/9/08

12:10

p.m

Site 7

Low

9/15/08

12:48

p.m

; Site 8

High

.10/31/08

1:00

p.m

’ Site 9

N/A

N/A

N/A

N/A

N/A

N/A

Summer

Time

1

r-

Site 10

ri
N/A: Not Applicable, samples were not obtained.

Collections of water samples during winter 2009 tide
event were collected under low tide conditions throughout
the day until 4:15 p.m. However, water samples from site 1

at De Luz were collected at high tide in the late afternoon
at 4:15 p.m. There were no recent precipitation events to
add to the current water volume in the 1st channel. Figure

17 shows culverts above the estuary. The culverts are
located underneath the 1-5 freeway and the long culvert

runs down along the hillside. Both culverts are conduits
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for land drainages and empty into the SMRE during a rain
event or irrigation of the upper right agricultural fields.

The samples collected at site 9 and 10 were collected
during December (winter) 2008. The upper right agricultural
field is located on the base, however it runs along the 1-5

interstate. There is a barbed wire fence that separates the
field from the hillside leading down towards the freeway.
The concrete culverts start on the edge of the right upper

agricultural field and then runs underneath the fence line
and makes a sharp turn downward towards the SMRE on the

military base, as seen in Figure 17 on the upper right

photograph.
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Figure 17. Land Drainages, Path Towards The Estuary After
A Precipitation Event In December 2008.15

15

Source: Land drainages path towards the SMRE after a precipitation
event in December 2008, Photography: by Barbara Elisabeth Long, winter
2009.
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Site 7, is in the middle sector of the estuary, tidal

fluxes influence this site. This was indicated by
the changes in the salinity as the tides changed throughout
the day. This is the result of the SMR coming towards the

estuary (lagoon) and finally emptying into the Pacific

Ocean and high tides coming in. As for site 8 the Pacific

Ocean, tidal influences are part of normal water movements
of an ocean environment.

Seasons

During the 1st seasonal sampling event in summer 2008
water levels for high tides affected the channels up to

Site 2, 3, 4, and 7 but 1, 5, 6, 9, and 10 were unaffected.
The summer event for 2008 had substantial water flow up

into the 1st channel for the sites 2, 3, 4, and limited flow
for sites 5 and 6. Sites 9 and 10 are affected by the

seasons, as a result of a precipitation event or irrigation
of the right upper agricultural field. As for winter 2009,
sites 2, 3, 4, 5 and 6 had limited back flow from the mouth

of the channel coming from the estuary. The effects of
tides are substantial in this lagoon. See also Table 2 and
Table 3 for tide events.
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Table 3. Winter 2009 Tides, Date and Time.

Tide

Date

Site 1

High

3/6/09

4:15

p.m

Site 2

Low

3/6/09

11:10

a .m

Site 3

Low

3/6/09

11:20

a .m

Site 4

Low

3/6/09

12:44

p.m

Site 5

Low

3/6/09

1:28

p.m

Site 6

Low

3/6/09

1:50

p.m

Site 7

Low

3/6/09

3:00

p.m

■ Site 8

Ebb

3/6/09

2:30

p.m

Site 9

P

12/17/08

2:00

p ,.m

Site 10

P

12/17/08

2:00

p.m

Winter

Time

P= Precipitation event had occurred, samples were
obtained.
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Figure 18. Low Tide And To The Right Ebb Tide Within The

Estuary's (Middle Sector).16

Results And Water Quality Parameters

Dissolved Oxygen
The dissolved oxygen (DO) levels were lower during the

summer sampling event in 2008, in sites 5 and 6 than the
following sampling event of winter 2009. Table 4

illustrates the DO levels for summer and winter events. The
localized dense algae blooms in summer 2008 were present

1 Source: Low tide, left and to the right ebb tide within the SMRE

(middle sector). Photography: Barbara Elisabeth Long, summer 2008 and
winter 2009.

but absent during winter 2009 in the surrounding areas

directly behind sites 5 and 6 in Figure 19. Summer 2008

depicts algae blooms behind the iron ball, as seen in the
Figure 19. The iron ball, a carpet of algae blooms and
dense coastal growth are evident. This made it impossible
to continue further into the other channels towards the

right side of the iron ball. The photograph below in Figure

19 illustrates this. It was impossible to gage the water

depth in the channel, past the iron ball for site 5 and 6.
The coastal growths along the edges of the 1st channel

leading towards these two sites were several feet deep. The
ground below was saturated from the nearby ground water

seepages and possible incoming high tides. Standing water
was observed in nearby pockets of dense coastal vegetations

that ran alongside the 1st channel and the burms.
This area contains quicksand and prevented further

sampling beyond sites 5 and 6. Table 4 and 5 illustrate DO
levels for summer 2008 and winter 2009, along with

temperatures at the time of sampling.

72

Figure 19. Summer 2008 Depicts The Iron Ball And Algae

Directly Behind In The Distance.17

The winter sampling indicated (DO) levels were

substantially higher at this season than the previous

summer 2008 sampling. Both sites 5 and 6 in winter had
elevated levels of DO; during the summer sampling a lower
DO was found. Lower DO and algae are indicators for
eutrophication. Temperatures were warmer for the summer

.

17

Source: Summer 2008 depicts the iron ball and algae directly behind
the ball in the distance. Photography: by Barbara Elisabeth Long,
summer 2008.
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2008 sampling event and ranged from 22 to 31.5 degrees
Celsius than the winter 2009 sampling event, which was 17
to 26 degrees Celsius. Oxygen solubility increases as
temperature decreases so this impacts the results as well.
Compared to the Peel-Harvey Estuarine System in western

Australia, which has severe eutrophication oxygen
depletion, the SMRE does not experience severe oxygen
depletion. However, the Peel-Harvey systems do experience

severe oxygen depletion when the Nodularia are blooming in
deeper waters (21).

Dead algae behind sites 5 and 6 in the SMRE, in
conjunction with the higher temperatures, are expected to

result in lower DO levels. However, the levels recorded are
not exceptionally low. Algae blooms can otherwise increase

or sustain DO levels due to the photosynthetic production
of oxygen. Table 4 and 5 provides the data for dissolved

oxygen, date and time of the both sampling events of 2008
and 2009.
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Table 4. Summer 2008 Sampling For Dissolved Oxygen.

Summer

Site 1
Site 1
Site 2
Site 2

D

D

Site 3
Site 3

D

Site 4

DO O2 mg/L

Temperature °C

Date

8.98

22.-0

9/9/08

9:07

a.m

8.98-

22.0

9/9/08

9:07

a.m

8.98

9/9/08
9/9/08

10:30 a.m

8.98

25.5
25.5

10.21

27.7

9/9/08

11:00 a.m

10.21

Time

10:30 a.m

27.7

9/9/08

11:00 a.m

10.40

27.0

9/9/08

11:30 a.m

Site 4

D

10.40

27.0

9/9/08

11:30 a.m

Site 5
Site 5

D

5.58
5.58

27.7
27.7

9/9/08
9/9/08

11:54 a.m
11:54 a.m

4.58

31.5

9/9/08

12:10 a.m

Site 6
Site 6

D

Site 7
Site 7

D

Site 8
Site 8

D

Site 9

Site 9

D

Site 10

Site 10.

D

4.58

31.5

9/9/08

12:10 a.m

7.02

27.3

9/15/08

12:48 a.m

7.02

27.,3

9/15/08

12:48 .a.m

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A: Not Applicable, these sites were not sampled for the

parameters of DO or temperature for summer 2008 sampling event.
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Table 5. Winter 2009 Sampling For Dissolved Oxygen.

Winter

Site
Site
Site
Site
■Site
Site
Site
Site
Site
Site
Site
Site.
Site
Site
Site
Site
Site
Site
Site
Site

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10

DO O2 mg/L Temperature °C

D
D
D
D
D
D

D
D
■D

D

8.6
8.6
17.97
17.97
16.58
16.58
14.0
.14.0
22.2
22.2
17.01
17.01
,13.50
13.50
N/A
N/A
5
5
5
5

17.4
17.4
17.6
17.6.
19.4
19.4
23.5
23.5
22.3
22.3
26.0
26.0
14.0
14.0
N/A
N/A
N/A
N/A
N/A
N/A

Date

Time

3/6/09
4:15
4415
3/6/09
3/6/09
11:20
.3/6/09
11:20
12:16
3/6/09
12:16
3/6/09
12:44
3/6/09
3/6/09
12:44
3/6/09
1:28
3/6/09
1:'28
3/6/09 . 1:50
1:50
3/6/09
2:45
3/6/09
2:45
3/6/09
3/6/09
2:23
2:23
3/6/09
12/17/08 2:00
12/17/08 2:00
12/17/08 2:00
12/17/08 2:00

P ,m
p .m
a .m
a .m
p.m
p .m
p .m
p .iti
p.m
p.m
p.m
p.m
p.m p.m
p.m '
p.m
p,.m
p.m
p.m
p.m

N/A: Not Applicable, DO or temperature was not obtained.

Hydrogen Ion Concentrations (pH)

The pH levels in the SMRE for summer sampling 2008

range from 7.85 to 8.79. Temperature varied from 17 to 28

degrees Celsius throughout the pH-sampling event for 2008.
This is more likely due to the time of day when sampling

began. It is cooler in the mornings and as the day
progressed warming began. Table 6 depicts the pH values,
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the day, time and temperature for summer and winter
samplings.

Table 6. Summer And Winter pH Values And Temperatures.

Sites

Site 1
Site 1

D

Site 2
Site 2

D

Site 3
Site 3

D

Site 4
Site 4

D

Site 5
' Site 5

D

Site 6
Site 6

D

Site 7
Site 7

D

i Site 8
1 Site 8
1 Site 9
1 Site 9

D
D

Site 10
1 Site 10
1

D

Summer pH

Temperature °C

Winter pH

Temperature °C

8.33

21.3

8.37

17.5

8.33

21.3

8.37

17.5

8.63

23.2

8.31

17.8

8.63

23.2

8.31

17.8

8.27

27.5

8.31

19.6

8.27

27.5

8.31

19.6

8.01

28.0

8.64

23.0

8.01

28.0

8.64

23.0

8.19

27.7

8.36

23.3

8.19

27.7

8.36

23.3

8.79

27.7

9.10

25.3

8.79

27.7

9.10

25.3

8.47

27.3

8.58

16.2

8.47

27.3

8.58.

16.2

8.26

17-19

N/A

N/A

8.26

17-19

N/A

N/A

N/A

N/A

7.85

N/A

N/A

N/A

7.85

N/A

N/A

N/A

8.20

N/A

N/A

N/A

8.20

N/A

N/A: Not Applicable, summer pH values were not obtained and no
drainages from culverts for sites 9 and 10. Winter pH values obtained
from a precipitation event and temperature was not obtained.

Collection of the water samples and field parameters

for Winter 2009 started at 11:20 a.m. and ended at 5:30
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p.m. The ranges in pH for the winter sampling event were

8.31 to 9.10. Sites 2 (8.63), site 6 (8.79) and site 7

(8.47) were slightly elevated compared to other sites for
the event. Elevated pH levels were found at site 1 (8.37),

site 4

(8.64) and site 6 (9.10) for this event. This also

included temperature changes for 17.5 to 23 Celsius degrees
throughout the pH-sampling event for 2009.
Salinity (Conductivity)
Salinity levels ranged from 1.2 to 32.9 ppt (part per

thousand) for the summer 2008 sampling event. The summer

2008 levels for tides were at low and ebb tides for
sampling. Salinity levels were elevated during the winter

2009 sampling event, ranging from 1.2 to 43.7 ppt.
Observations within the 1st channel showed a decreased water

table at (low and ebb tide) with limited water for sites 2,
3, 4, 5, and 6 during the winter sampling event. Salinity

levels were collected for the 1-5 and long culverts (during

a precipitation event) at this particular time for the
winter sampling event 2009. Table 7 indicates salinity

levels for summer 2008 and winter 2009. Salinity levels are
higher in winter due to low tide and evaporation for sites
3-6. Site 7 is lower in the winter due to river flow
dominance. Sites 5 and 6 are lower than the estuary in the

78

summer suggesting freshwater seepages. Only site 5 is lower

in the winter. Seepages may be greater in this area.
A comparison of the Peel-Inlet Estuary in western

Australia measured a minimum level of salinity at 5 ppt
later in the winter. However, it becomes elevated as the
ebbing of river flows with ocean exchange and surface
evaporations. The salinity levels therefore increases to 45
ppt for some years in the estuary. As for the Harvey

Estuary also in Australia salinity reaches 52 ppt in the

summer. This is due in part to the distance from the ocean.
Winter levels for salinity in the SMRE are depicted in

Table 7 (S-Summer and W-Winter)
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(21).

Table 7. Salinity Levels Summer And Winter.

Sites

S-Salinity g/L

W-Salinity g/L

1.20
1.20
30.9
30.9
30.1
30.1
21.7
21.7
14.5
14.5
14.5
14.5
30.9
30.9
32.9
32.9
N/A
N/A
N/A
N/A

1.20
1.20
39.8
39.8
34.9
34.9
43.7
43.7
28.0
28.0
46.3
46.3
2.15
2.15
35.0
35.0
22.4
22.4
22.4
22.4

1
Site
jSite
fSite
, Site
:Site
I Site
r Site
J Site

1
1
2
2
3
3
4
4

j Site
jSite
Site
• Site
iSite
!Site
;Site
;Site
Site
Site
; Site
’Site

5
5
6
6
7
7
8
8
9
9
10
10

D
D
D

D
D
D
D
D
D
D

N/A: Not Applicable,

salinity levels were not obtained and

no precipitation event occurred.

Ammonia
For the concentration of ammonia as ppm of nitrogen,
the results of analysis indicated that for the summer

sampling event of 2008, the presence of ammonia in the
channels ranged from non-detect (below detection) to 0.28

ppm N. For the winter sampling event for the 1st channel,
presence of ammonia ranged from 0.3 to 1.59 ppm N. The
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ammonia concentrations are considered high compared to the
Basin Plan standards. Considering the relatively high DO

levels it is surprising that reduced nitrogen is present.
It appears higher in the main estuary at sites 2 and 7 in
the winter than in the channels.
For the Peel-Harvey Estuaries, levels of ammonia for
its river waters are lower, which are generated through the

decomposition from collapse of blue-green algal blooms in
the summer months and general decay during the winter

months (21). Table 8 depicts ammonia levels for summer 2008
and winter 2009. The winter sampling concentrations ranged

from non-detect (ND) to 1.59 ppm for the SMRE. They may be
generally higher for SMRE as well in winter due to

decomposition .
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Table 8. Ammonia Levels For Summer 2008 And Winter 2009.

Sites

|

Summer
Ammonia ppm N

Winter
Ammonia ppm N

NQ
ND
ND
NQ
NQ
0..16
0.20
0.21
0.41
0.28
0.10
0.10
ND
■ND
ND
0.18
ND
ND
ND
ND

0.30
0.-47
0.75
1^12
0.65
0',. 4 8
0.72
0.81
0.35
0.87
0.35
0.87
1.20
1.59
0.40
ND
0.17
0..16
0.21
0.17

i
;Site
;Site
■( Site
Site
1 Site
Site
; Site
' Site

1
1
2
2
3
3
4
4.

. Site
jSite
1 Site
j Site
iSite
Site
Site
i Site
1 Site

5
5
6
6
7
7
8
8
9'

Site 9
i Site 10
; Site 10
1

D
D
D
D
D
D
D
D

D
D

ND: "Not Detected" below detection limit, 0.05 ppm N.
NQ: Detected but "not quantified", below lowest calibration standard,
0.1 ppm.

Nitrite
Nitrite levels for summer 2008 ranged from non-detect

to 0.7 ppm N. Winter sampling event ranged from non-detect
to 0.9 ppm N. Almost all samples were either non-detect or
not quantified. Levels were recorded for site 4 in summer

and site 5 in winter.
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Table 9. Nitrite Levels For Summer 2008 And Winter 2009.

Nitrite ppm N,

Winter
Nitrite ppm N

D

ND
ND

NQ
NQ
NQ

D

NQ
NQ
NQ

NQ
NQ
NQ-

Summer

Sites
I Site
!Site
I Site
|Site
l Site
;Site
1 Site
,Site
j Site
'■ Site
1 Site
1 Site
!Site
j Site
iSite
■ Site
' Site
■Site
1 Site
iSite

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10

D
D

D
D

D
D

D
D

!

|

NQ'

NQ
0.7
0.7

?

NQ
0.8
0.9
NQ
NQ
ND
ND
ND
nd
ND
ND
ND
ND

NQ
NQ
NQ
NQ
NQ
NQ
ND
ND
NQ
NQ
NQ
NQ

;
5
!
!

ND: < detection limit = 0.1 ppm N.
NQ: < lowest calibration standard = 0.5 ppm.

Nitrate and Phosphate
Nitrate concentrations for the summer sampling event

2008 in the SMRE ranged that 0.4 ppm N to 1.6.7 ppm N.
However, site 5 in the 1st channel (near the iron ball),

during the summer sampling event had elevated levels for

nitrate. The winter sampling event for 200'9 for nitrate

ranged from ND to 36.7 ppm N. Nitrate concentrations were
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higher for the winter sampling event of 2009 than summer
sampling event for 2008. For winter 2009 sites 2 through 6
had elevated levels of nitrates. These sites were all

located within the 1st channel. Table 10 shows the levels of

concentration for winter and summer sampling events. For
both events site 5 was substantially higher than site 6. If
it is true than site 5 is connected with more underground

seepages, it is possible that this seepage is the source of

NOV Alternatively site 6 may be in better contact with the
open estuary and is flushed more so than site 5.
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Table 10. Nitrate Levels For Summer 2008 And Winter 2009.

Nitrate, ppm N

Summer

Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10

D
D
D
D
D
D

D
D
D
D

0.4
0.4
1.7
1.6
1.7
2.1
5.3
5.0
16.7
11.7
1.7
1.7
1.9
0.8
N/A
0.4
N/A
N/A
N/A
N/A

Nitrate, ppm

Winter

Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10

D
D
D
D
D
D
D
D
D
D

1.6
1.0
7.3
8.6
13.3
13.8
7.0
8.8
36.7

36.1
2.5
1.5
0.4
ND
11.2
11.1
ND
ND
ND
ND

ND: < .05 ppm = detection limit.
N/A: Not Applicable, no drainages or precipitation event occurred.

Phosphates levels for the summer sampling event of
2008 were non-detect to 0.2 ppm as P. The levels for the
winter sampling event for 2009 were non-detect to 0.6 ppm

N. As for winter 2009 sampling event the levels for
phosphate were just as low with the majority of sites

registering non-detect. It appears a relatively constant
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level of 0.2 ppm exists throughout the estuary. It was not

detected for sites 5 and 6 in the winter. Therefore,
phosphate does not appear to be correlated with nitrate

levels. If excess nitrate from the lower AG field was
showing up as seepage in site 5, and the origin was nitrate

fertilizer, the phosphorous content of the fertilizer may
have been low, or the underground mobility of phosphate is

low.

Concentrations of nitrates in the Peel Inlet are 33
mg/L for surface waters (compared to a range of 16.7 to
0.34 mg/L for SMRE) for the summer sampling event. However,

winter levels ranged from 36.7 mg/L to ND. The levels vary
in most years for the Peel Inlet, but when the Murray River

is flowing heavily the nitrate levels become elevated.

Furthermore, levels of nitrate have increased substantially
due to the process of nitrification in the Peel Inlet.

However, in the Harvey Estuary phosphate levels are
typically low (<10jig L"1 =10 ppb or .01 ppm) in the inlet.

The phosphate levels increase when the three rivers are
flowing.

The concentration levels remain low for the rest

of the year for the Harvey Estuarine System. Decreased
levels for nutrients remain low until the rivers start

flowing, however, nutrients are trapped during the winter
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months and hence recycling occurs in these estuaries (21).
Table 11 shows both summer and winter levels for phosphate

in the SMRE.

Table 11. Phosphate Levels For Summer 2008 And Winter 2009.

Phosphate, ppm P

Summer

Site
Site
.Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site

1
1
2
2
3'
3

D
D
D

4

4
5
5
6
6
7
7
8
8
9
9
10
10

D
D

D
D
D
D
D

ND
ND
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
N/A’
N/A
N/A
N/A
N/A
N/A

Winter

Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site.
Site
.Site
Site
Site
Site
Site
Site

1
1
2
2
3
3
4
4
5
5.
6
6
7
7
8
8
9
9
10
10

Phosphate, ppm P

D
D
D

D
D
D
D
D
D

D

0.1
0.1
0.1
0.3
0.2
ND
0.1
0.1
ND
ND
ND
ND
0.2
ND
ND
ND
ND
0.6
0.6
0.2

ND: < detection limit = 0.05 ppm.
N/A: Not Applicable, no drainages or precipitation event occurred.

Total Nitrogen
Total nitrogen for summer sampling event 2008 is 60.93

ppm N to 0.24 ppm N. Total nitrogen for the winter sampling
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event ranged from 0.28 ppm N to 77.88 ppm N. Sites 2
through 5 have elevated levels of total nitrogen with sites

4 and 5 with the highest levels of total nitrogen. As for
winter 2009 sampling, sites 2 through 5 are higher for

total nitrogen with site 5 having the highest concentration
levels. The trend corresponds with that observed nitrate,
with site 5 > site 6. Table 12 below illustrates the levels

of total N and total P for September 2208, December 2009
and March 2009 sampling events for the SMRE.
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Table 12. Total Nitrogen And Total Phosphorous.

Summer

T-N ppm

T-P ppm

.0.33
0..24
7.39
6.33
6.32
8.41
24.81
27.13
59.58
60.93
4.76
4.98
0.77
1.04
N/A
0.62
N/A
N/A
N/A
N/A

0.12
0.13
0.04
0.07
0.05
0.02
0.18
0.05
o.io
0.09
0.03
0.03
0.31
0.29
N/A
0.09
N/A
N/A
N/A
N/A

Winter

T-N ppm

T-P ppm

2.2
2.72
8.36
8.83
14.8
15.2
8.33
8.27
35.7
36.8
3.63
3.53
0.91
1.28
0.59
0.28
0.82
76.79
'77.88
68.37

ND
0.04
0.06
0.06
■ 0.07
0.03
ND
0.01
0.01
0.02
0.01
0.03
0.01
0.01
0.03
ND
0.07
0.02
0.02
0.06

1
: Site 1
■' Site 1
Site 2
1 Site 2
i Site 3
Site 3
Site 4
Site 4
■ Site 5
Site 5
Site 6
Site .6
Site 7
■ Site 7
Site 8
. Site 8
' Site 9
Site 9
1 Site 10
; Site 10

D
D
D
D
D
D
D

D
D
D

•

Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10

D
D
D
D

D
D
D
D
D
D

1

Quantitation limit: = 0.02 ppm N and 0.005 ppm P.
N/A: Not Applicable, samples were not obtained and no precipitation
event occurred.

Total Phosphorous

Summer sampling events 2008 for total phosphorous
levels were 0.02 ppm P to 0.31 ppm P. Winter sampling event
2009 ranged from non-detect to 0.07 ppm. Total P,
phosphate, suggests either high bias for phosphate or

negative bias for total P. In either case it does not

suggest any organic phosphorous present.
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The Peel-Harvey Estuaries experience unpredictable and
increased concentrations for both total nitrogen and total

phosphorous. These elevated concentrations appear to be

associated with the blooming of Nodularis, nutrients from

biomass which have accelerated the phosphorous levels (21).
In several sites within the SMRE and at the two
culverts below the right upper agricultural field, the
ammonia, nitrite and nitrate totals are less than the total
nitrogen levels. There should be a mass balance if no

organic forms are present. If totals are greater than the
sum of other forms, it suggests that other organic forms
are present. For example, Table 13 shows sites with

elevated levels of total nitrogen, however when you add up
ammonia, nitrite and nitrate, they are much lower than the
total sum for total nitrogen as seen in Table 13. This
could be the result of decomposition of plant debris, bird

guano and/or runoff from the lower and right agricultural

fields. However it could be a combination of the all three.

More anyalsis needs to be done on elevated levels for total
nitrogen for the SMRE's channels. The high numbers obtained
for sites 9 and 10 also suggest organic or colloidal forms

of nitrogen may be washed into the estuary.
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Table 13. Total Nitrogen ppm Levels Elevated.
Location

Sites

Total N Ammonia Nitrite Nitrate

.Summer
Site 4

D

Bend

27.13

0.21

0.72

4.98

Site 5

D

Channel

60.93

0.28

0.14

11.73

Site 9

D

Channel

76.79

0.16

0.41

ND

Culvert 1-5

77.88

0.17

0.12

ND

Site 5 D

Channel

36.80

0.87

0.9

36.08

Site 3 D

Channel

15.20

0.48

0.22

13.82

Site 10 •D

Winter

Nitrate and Phosphate (Soils)
Soil samples were collected in the upper right

agricultural field closest to the edge of the estuary.

Since this field was so large it was determine to collect

random stratified samples at 0-6 inches, 6-12 inches and

12-18 inches. GPS coordinates were recorded in the upper
right agricultural field as shown in Table 14.
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Table 14. GPS Coordinates For Core Samples.

1 Sites

Latitude

Longitude

Nitrate levels at 0-6 inches were the 1st core samples
and are elevated for sites 1 to 4 and 6, 8, 9 and range

from 1.0 ppm N to 31.40 ppm N. At 6-12 inches the levels
for all the sites 1 through 9 are higher ranging from 14.49

ppm N to 31.81 ppm N. The third core at 12-18 inches ranged

from 14.6 ppm N to 59.63 ppm N. Site 9 was the highest at
12-18 inches followed by site 2 with 35.18 ppm N.

As for the phosphate levels which ranged from 4.2 ppm
as P at site 6 for 0-6 inches to 11.1 ppm as P at 6-12

inches. The levels for all 9 sites are lower at each core

level. The levels for both nitrate and phosphate are lower
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for this area of the agricultural field. The possibility is
the field was left to fallow for a period of time. No

planting had occurred since the last season in this

particular tomato field. Also, several precipitation events
have recently occurred.
The soil concentrations are measured in mg N or P/g

soil = ppm. Each column indicates nitrates and phosphate
levels at 0-6 inches, 6-12 inches and 12-18 inches for the

upper right agricultural field directly above the SMRE as
shown in Table 15. Table 15 shows nitrate and phosphate
levels which are measure in mg N or P per kilogram of soil
for nitrogen and phosphorous. However, more research and

data is needed to make a conclusion for nutrients

concentrations in the soils of the right upper agricultural

field above the SMRE.
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Table 15. Nitrate And Phosphate Core Samples.

Sites N 0 -6" N 6- 12

N 12--18"

P 0 -6"

P 6-12"

P 12 -18"

site 1

19.6 ppm

16.9 ppm

14.6 ppm

9.5 ppm

7.9 ppm

8.1 ppm

Site 2

31.4 ppm

31.3 ppm

35.2 PPm

9.5 ppm

7.4 ppm

7.0 PPm

Site 3

25.8 ppm

19.7 ppm

22.8 ppm

9.5 ppm

9.7 ppm

6.8 ppm

Site 4

20.8 ppm

15.8 ppm

17.2 ppm

6.8 ppm

11.1 ppm

8.8 PPm

Site 5

07.3 ppm

19.1 ppm

25.6 ppm

5.7 ppm

8.,8

ppm

8.1 PPm

Site 6

22.1 ppm

14.5 ppm

18.5 ppm

4.2 Ppm

5.9

ppm

9.9 PPm

Site 7

1.0 ppm

16.9 ppm

16.0 ppm

. 2.8 ppm

7.4

ppm

7.8 PPm

Site 8

26.5 ppm

26.4 ppm

22.3 ppm

6.2 PPm

12.4 ppm

9.6 PPm

Site 9

25.9 ppm

31,.8 ppm

59.6 ppm

5.0 PPm

9.2

5.8 PPm

PPm

Discussion

It is possible that the close proximity of the
agricultural fields to the SMRE has affected the nutrient
concentrations in the estuarine and river waters of the

SMRE. A more in depth long term study on the SMRE, along

with multiple station sampling sites throughout the
channels and the estuary is needed to expand on this

research topic for these areas in the watershed. A study on
hydrologic flows for the area could provide insight on how
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nutrient concentrations af.fect water quality. Hydrological

studies could also discern whether or not the lower Ag
field is impacting the channels in the SMRE. Further study

is also needed on ground water seepages in the surrounding
area of the channels, which play a significant role in

supplying the area with additional waters. A long-term

salinity study would provide substantial information on the
gradients observed within the estuary's watershed and shed
light on their causes and the origin of runoff and

seepages.
Research is needed on the decomposition of flora

within the SMRE's channels; on the effects or contributions
that nutrient concentrations play in contributing to the

waters of the SMRE. The DO levels are not dangerously low;
SMRE is not eutrophic, or hypoxic.
A comparison with the Peel-Harvey Estuaries indicates

that the SMRE nutrient concentrations are lower for the

species ammonia, nitrite, nitrate, total nitrogen,
phosphate and total phosphorous than the Peel-Harvey
Estuaries, pertaining to seasons, decreased precipitation
and tidal influences (21). These factors may have played a

significant part for lower concentration levels for
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nutrients within the SMRE, in addition to less agricultural
land and urban runoff.

However, the Peel-Harvey Estuaries are subjected
continually to large quantities of biomass accumulated from

urbanization, agriculture, farming, herding operations such
as sheep, piggeries and fisheries. The estuaries are

located on a low relief sandy plain with several

escarpments. Geologically they are located in a place that
receives downward hydrologic flows. It is the agricultural
catchments, which caused the eutrophication in the Peel-

Harvey Estuaries (21).
Both the SMRE and the Peel-Harvey Estuaries are
situated in a Mediterranean climate with limited rainfall
and on a sandy plain; each is classified as a bar-built

lagoon. Moreover, there are significant differences in the
type of anthropogenic activities for both the Peel-Harvey

estuaries and the SMRE (21).
What makes each estuary unique is the type of

anthropogenic activities in their surrounding watersheds.
The SMRE is subjected to agricultural activities, up stream

urban developments and human activities from the military

base. This is not true for the Peel-Harvey Estuaries. As
previously explained the Peel-Harvey Estuaries are exposed
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to husbandry and livestock industries on a large scale. The

Peel-Harvey Estuaries nutrients are substantially higher
and can attribute these levels to seasonal differences,

tides, and hydrologic flows from three river systems
adjoining the two estuarine basins. These conditions
provide an environment for the influx of significant

amounts of nutrient levels from anthropogenic activities
(21) .

Differences in salinity concentrations were the result
of these above differences. For the SMRE the levels have

slight variation during the seasons of 2008-2009, for tides
and hydrologic flows, although a slight increase can be
found again in the 1st channel near the iron ball at sites 5

and 6. Compared to the Peel-Harvey Estuaries, which show

substantial salinity increases through out different

seasons (which is affected by the three rivers), the SMRE
is much lower. The SMRE does not experience livestock

production or fisheries continuously like that of the PeelHarvey Estuaries (21).
There are particular water quality standards and

concentration levels for an estuary set forth by the Clean
Water Act and will be discussed later in this section. All
estuaries are distinctive, with different geographic
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locations, geologic formations, cycling and the types of

anthropogenic activities that occur within the estuarine

watershed.
Comparing the SMRE and Peel-Harvey estuaries gives

some insight to anthropogenic differences and the effects
of those differences such as nutrients levels and the
estuaries continuous exposure to different types of
livestock industries and urbanization (21). But there is

another estuary, which provides some insight.
The Ems Estuary in the Netherlands is very different

in geographic location and climate. It is situated in

northwestern Europe, it is fed rain, exposed to seasonal
differences, marine gradients and it has three sectors.

This estuary receives fresh river water from the German
River Ems and the Westerwoldsche Aa River. The estuary is
exposed to a dense populace (200 people km-2) with industry

at thirty-five percent and agriculture at ten percent. The
Ems seasonal variations produce patterns for nutrient
concentrations in their water columns. The levels of

nitrate are always high, but towards summer it tends to be
lower. Springtime brings elevated levels of ammonia to the

Ems. Sources of nutrients are from both dissolved and

particulate forms. The river is responsible for a majority
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of nutrient concentrations within the Ems Estuary, but it
is the Waldden Sea, which is responsible for the larger

quantities of particulate nitrogen and phosphorous. It is
the type of anthropogenic activity, which determines the

health of an estuary (35). A comparison of three previous
estuaries depicts the differences of anthropogenic
activities,, which have contributed to the elevated levels
for nutrient concentrations.

The SMRE is located in Region 9 for San Diego County
and therefore follows the Basin Plan13 for that county (4).

To help evaluate the anyalsis of nutrient concentrations
within the channels of the SMRE, the San Luis Rey River

(SLR) may be used as an excellent example. As a comparison
the San Luis Rey River is in the same Region 9 and is

located near the SMRE. The SLR is located partially on USMC
Camp Pendleton and in the city of Oceanside and contains
two lagoons the (mouth of the SLR and the Loma Alta

Slough). Other coastal lagoons located in Region (9) are:

Tijuana Estuary, Sweetwater Marsh, San Diego Flood Control
Channel, Kendall-Frost Wildlife Reserve, San Dieguito River

13

Source: Water Quality Control Plan for the San Diego Basin (9),
which recognizes and reflects regional differences in existing
water quality, the beneficial uses of the Region's ground and
surface waters, and local water quality conditions and problems.
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Estuary, San Elijo Lagoon, Batiquitos Lagoon, Auga Hedionda
lagoon, Buena Vista Lagoon, San Luis Rey River Estuary and
the Santa Margarita River Estuary. They therefore follow
the same federal regulations (40 code of Federal

Regulations [CFR] 130) for nutrient levels, as does the
SMRE. Both the SMRE and the San Luis Rey (SLR) share
aquifers in the watershed and nearby water sources. Each

river (SMR and SLR) discharges towards the Pacific Ocean
from their watershed and both have lagoons (36).
The Lower SLR as of 2002 is eutrophic. Nitrogen is

lower in the SLR, while phosphorous levels are still
problematic. Nutrient levels for phosphorous from 1979 to

1993 exceeded the Basin Plans standard of 0.1 mg/L (4).
The San Diego Regional Water Quality Control Board

(SDRWQCB) lists two areas of water quality and watershed

monitoring as areas of concern. The data is made available
and submitted to the State Water Resources Control Board

(SWRCB), which is prepared by personnel and is then

provided on the 303(d) list (4).
Compounds containing nitrogen along with phosphorous

behave as nutrients in the nearby waters of the SLR and
SMRE. This in turn effects the algae growth which has been
stimulated by the presence of excessive amounts of nitrogen
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and phosphorous, causing eutrophic14 conditions which in

turn depletes the oxygen supply for aquatic life forms in
coastal waters, streams, and rivers. However, eutrophic

conditions are a natural progression, but these processes
can be accelerated with the onset of excessive

anthropogenic activities. The influx of increased nutrients
and organic substances which enter our watersheds and

eventually flows into the nearby marine ecosystems are
detrimental to an array of marine life for the estuaries,

lakes, streams, rivers, and coastal waters; hence
interfering with the health and productivity of the marine

ecosystems. To evaluate the water body in question several
measures can be used to discern whether or not eutrophic

conditions are occurring: visual observations (rarely

done), concentration of nutrients, dissolved oxygen (DO)
and chlorophyll concentrations (usually tested)(4).

Dissolved Oxygen

Dissolved oxygen is vital for marine life. Water
temperature and salinity play an important purpose in the
dissolved oxygen (DO) content of the SLR and the SMRE. "As

set forth in the San Diego Basin Plan 9, DO levels can not
14

Source: Water Quality Control Plan for the San Diego Basin
Eutrophication is a condition in an aquatic ecosystem where high
nutrient concentrations stimulate blooms of algae.
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(9),

be less than 5.0 mg/L for inland surface water bodies

deemed (WARM usage) or less than 6.0 mg/L (COLD usage) for
water bodies" (4). "The yearly average of DO cannot be

fewer than 7 mg/L for more than 10% of the time" (4). Water
temperatures during event 2008 were warmer than the 2009

event, which was colder. Table 4 and 5 illustrate
temperature and DO for the SMRE. Summer 2008 met the Basin

Plan (9) guidelines except for sites 5 and 6. DO levels
than the Winter 2009 illustrates higher levels for DO and
meets Basin Plan (9) standards for all sites (4). Only a
few measurements observed in channels in summer over < 5

mg/L, main estuary has much higher levels, therefore not

eutrophic.
Hydrogen Ion Concentration (pH)

Acidity and alkalinity is measured using pH (1 to 6.9)

acid and (7.1 to 14) alkaline with 7 being neutral. Ranges
in pH are deemed harmless from 6.5 to 9.0. The pH levels

for both events from the SMRE are shown in table 6. During

summer 2008 the pH levels ranged from 7.85 to 8.63 and

winter's levels ranged from 8.31 to 9.10. However site 9,
which is the 1-5 culvert, has a pH value of 7.85. Data was
collected during a precipitation event in December 2008.

The water flowing from the 1-5 culvert was' coming off the
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upper right agricultural field closest to the SMRE. This is
a good indicator that the agricultural field is alkaline.

Changes in the pH value by 1 point would indicate a
ten-fold increase in acidity or alkalinity. This pH

alteration from pollutants can harm marine biota. This is
also true for chemical constituents elevating their

toxicity and bioavailability. For example, ammonia, which

is present in sewage discharges, is safe at 7.0 but at 8.5
it is toxic to aquatic life. The Basin Plan 9 mandates a
water quality objective for the levels of pH; the value

cannot go beyond 0.2 pH units of the natural level.
Therefore, both sampling events for 2008 and 2009 are

alkaline and fall into the range deemed harmless per the
San Diego Basin Plan 9 with the winter event slightly

elevated at site 6 with a pH of 9.10 (4).
Ammonia
Un-ionized Ammonia concentrations cannot exceed 0.025

mg/L (as N) for surface waters inland, bays (enclosed),
estuaries and lagoons (4). Table 8 illustrates the ammonia

levels for both summer 2008 and winter 2009 events.

However, site 5 was elevated at 0.4 mg/L (as N) for summer
2008. The winter sites exceeded the 0.025 (as N) for all
sites and ranged from 0.3 to 1.5 ppm. The winter event was
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elevated for ammonia in the channels of the SMRE. Ammonia

levels are toxic when elevated. Therefore, the ammonia
concentrations have exceeded the level at which is deemed

harmful for marine life. All ammonia levels were (measured
above the detection limit) beyond the Basin Plan 9
standards.

Total Phosphorous
The Basin plan stipulates for total phosphorous 0.1

mg/L (total P) is the concentration for the prevention of
algae growth (4). Table 12 illustrates slightly elevated

levels for total phosphorous at 0.2 ppm. Although, summer
has a few sites that are elevated it is the winter event.

This means that elevated levels can accelerate the growth

of algae's in the waters of SMRE. The sites appear to have
phosphorous > 0.1 ppm for summer 2008.

Nitrate
levels

Nitrate

for sites 5 and 6,

are

elevated

during

the

summer

however multiple sites are elevated in

the winter with sites 5 and 6 being the highest.

illustrated

in

event

Table

10.

The

Basin

Plan

This is

stipulates

for

nitrate 1.0 mg/L N or ten times the phosphorous standard of
0.1 ppm P (4) .
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Conclusion
It is apparent that nutrient levels are elevated

during the winter 2009 sampling event. However, these
levels are higher at sites 5 and 6, which are just below
the agricultural field. All sites indicated elevated levels

for the nutrient nitrate for both sampling events for

summer 2008 and winter 2009. These elevated levels exceed
the San Diego Basin Plan's (9) measurements for safe

nitrate levels, which are 1 mg/L (4). The agricultural
fields may be a significant contributor for elevated levels
within the 1st channel of the SMRE.

Moreover, other factors may be contributing to the
excessive levels of nutrient concentrations within the

estuary. Other contributors may be decaying plant matter or

bird guano from the nearby breeding habitats for the
western snowy plovers and the least terns. Further study is
needed to delineate the significant elevations for nutrient
concentrations within the SMRE, along with more sampling
stations further up the estuary and maybe throughout the
year for several years. A comparison could be done between

several of the estuaries mentioned previously for Southern

California; a concise ten-year study would not be
unreasonable. Land usage, population densities and
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urbanization are major factors which contribute to
excessive levels in most waters, with the cooperation of

several entities (water districts and universities) this
could be accomplished and provide valuable data.

Therefore, special attention on the effects of large
populations of fowl may show that during breeding seasons,

levels of nutrients are increased. A study (monitoring)
during non-breeding seasons and breeding seasons for

nutrients in the surrounding watershed may shed some light.
Since the SMRE is part of the Pacific Flyway for migratory

birds this would prove to be valuable data.
However, the SMRE has shown to be one of the

healthiest estuaries in the San Diego region. This may be
the result of limited access due to its location entirely

on the Marine Corps Base. Stewardship of the military's

lands has increased through out the last decades. A
conscious effort to preserve and maintain precious
resources in the environment has been a goal of several

departments on military installations throughout the United

States. This is also true for active duty military bases
located abroad throughout the world. A joint effort with
the Department of Defense (DOD) and other entities will
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insure the success of water quality for all water bodies on
military installations and their surrounding watersheds.
The SMRE appears within or close to standards.

However, the channels are elevated for nitrogen. Total
nitrogen is significantly higher than for nitrate, which
suggest organic forms for nitrogen. This could be the
reason that sites 5 and 6 contain more algal blooms.
Organic fertilizers such as urea may have been used and

would be a contributing factor for organic forms of
nitrogen. Algal blooms are apparent, but excessive

eutrophication is not present. There is no evidence for
hypoxia. The peak levels of nutrients were very low
compared to the Peel-Harvey and Ems estuaries. However, a
healthy aquatic and terrestrial ecosystem was observed.
Seasonal and site overgrowth of algae would require further

research. An impact report may be needed on the effects of
the nearby military housing complex, which is under

construction. The SMRE will always be subjected to an array
of anthropogenic activities on a continuous basis; it is

located in the middle of a major active duty military
installation. Current, future and close monitoring of the

estuary will preserve its resources, beauty, wildlife

inhabitants and habitats.
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APPENDIX A
GEOGRAPHIC INFORMATION SYSTEMS MAP

OF SAMPLING SITES FOR

2008 AND 2009
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The GIS map illustrates sampling points for September,

December and March 2008-2009 for nutrient concentrations in
the SMRE for water quality analysis.
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APPENDIX B
GLOBAL POSITIONING SYSTEMS For 2008

AND 2009 SAMPLING EVENTS IN THE
SANTA MARGARITA RIVER ESTUARY
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Geographic Position Systems Points, Sampling Sites: Santa
Margarita River Estuary For Summer 2008 And Winter 2009.

Summer

Longitude

Latitude

Winter

Longitude

Latitude

Site 1

N33°21.747’

W117°19.299'

Site 1

N33°21.741'

W117°19.300'

Site 2

N33°14.004'

W117°24.936'

Site 2

N33°14.006’

W117°24.932'

Site 3

N33°14.041'

W117°24.959'

Site 3

N33°14.044'

W117°24,959'

Site 4

N33°14.064'

W117°24.949'

Site 4

N33°14.076'

W117°24.935'

SiteS

N33°14.106'

W117°24.928'

Site 5

N33°14.108‘

W117°24.930

Site 6

N33°14.102‘

W117°24.921'

Site 6

N33°14.099'

W117°24.913'

Site 7

N33°14.282'

W117°23.673'

Site 7

N33°14.270'

W117°23.685'

Site 8

N33°13.851’

W117O24.995’

Site 8

N33°13.819'

W117°25.010'

Site 9

N/A

N/A

Site 9

N33°13.85T

W117°24.995’

Site 10

N/A

N/A

Site 10

N33°14.155'

W117°24.335'

N/A: Not Applicable, samples were not obtained, no precipitation event
occurred.
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APPENDIX C
DE LUZ ROAD: SITE ONE
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SMRE: Summer 2008

(Site 1)

SMRE: Winter 2009 (Site 1)
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APPENDIX D

MOUTH OF THE FIRST CHANNEL: SITE TWO
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SMRE: Winter 2009, Channel Mouth (Site 2)
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APPENDIX E

FIRST CHANNEL: SITE THREE
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SMRE: Summer 2008,

(Site 3)

SMRE: Winter 2009,

(Site 3)
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APPENDIX F
CHANNEL BEND: SITE FOUR
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SMRE: Summer 2008, Bend (Site 4)

SMRE: Winter 2009, Bend (Site Four)
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APPENDIX G
2008 AND 2009: SITE FIVE AND SIX

120

SMRE: The First Channel Towards Site 5 And 6.
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APPENDIX H
STUART MESA BRIDGE:

122

SITE SEVEN

SMRE: Winter 2009 Stuart Mesa Bridge (Site 7)
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APPENDIX I
BLUE BEACH: SITE EIGHT
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Pacific Ocean, 2008:

(Site 8)

Pacific Ocean, 2009:

(Site 8)
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APPENDIX J
CULVERTS: SITES NINE AND TEN
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Winter 2009: Culvert Below Agricultural Fields (Site 10)
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APPENDIX K

SANTA MARGARITA RIVER ESTUARY

128

Santa Margarita River Estuary From Stuart Mesa Bridge
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APPENDIX L
SANTA MARGARITA RIVER ESTUARY

OVERVIEW AND LOWER LAGOON

130

Looking Down on The Santa Margarita River Estuary

Santa Margarita River Estuary Heading Towards The

Pacific Ocean
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APPENDIX M
UPPER AGRICULTURAL FIELD IN THE
SANTA MARGARITA RIVER ESTUARY

WATERSHED

132

Upper Right Agricultural Field Above The Santa Margarita

River Estuary

Agricultural Field: Soil Sampling Sites Closest To The
Santa Margarita River Estuary
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